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EXECUTIVE SUMn 

Th~s Past Remedy Report far Indnndual Hazardous SUI 
0 

response to Iequuements m the Interagency Agreement I 

pnmary objecaves for the Past Remedy Report 

1 Dew the hrstory of the MSS 199 remedy 

2 Dew the acavraes conducted to date to IX 

3 Detcul the effecaveness of the remedy, and 

4 h w d e  a health assessment whch identrfic 
potenad exposure of the pubhc pnor to c 
mplementaaon of the remedy, and after c( 

The exlstmg data for MSS 199 were collected for the pi 

to support a ngorous quanutatwe health nsk assessmc 

agmst US Enwonmental Protecaon Agency @PA 

assessments, it became apparent that the data do not 

necessary to support a quanataave nsk assessment. 

mcludes a quahtaave human health nsk assessment 

transport mechamsms, and exposure routes associated i 

nsk assessment CdCdahOn is mcluded whch shows 

underlymg a quanataave nsk assessment, and whl 

hypotheacal plutomum concentraaons m sod under van1 

is useful m helpmg to detenntne whether known contan 

health nsk to the pubhc The genenc recreational Met 

to 7x10 IS below the EPA target range of 10-4 to lob 1 

summary of the mformaaon provrded m thls report m I 

MSS 199 is one of four MSSs 111 Rocky Flats Plant (R 

Mfers from other RFP OUs m that it targets possible c 

MSS 199, Contarmnatlon of the Land's Surface, specd 

as a result of RFP releases Numerous studles have am 
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ARY 

tance Site (IHSS) 199 was prepared 111 

AG) The IAG idenafies the followmg 

&red by the U S Dismct Court, 

plement the remedy, 

i the pubhc health nsk associated with 
ImpleMg any site rerndahon, dunng 
npleaon of the remedy 

pose of site charactenzaaon rather than 

it. After evaluatmg the exlsang data 

pdance for data useabdq in nsk 

neet c m n t  quahty control standards 

4s a result, thls Past Remedy Report 

whch evaluates release mechamsms, 

ith MSS 199 In addmon, a "genenc" 

the steps and the many assumpaons 

h generates nsk values based upon 

1s exposure scenanos This calculaaon 

naaon at MSS 199 poses an mmnent 

ne excess cancer calculaaons of 7x10' 

le followmg &scussions prowde a bnef 

ipport of the objecaves hsted above 

P) Operable Umt No 3 (OU 3) OU 3 

ntarmnaaon outside the RFP boundary 

:ally targets off-site sod contammaaon 

npted to define the presence and extent 
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of such contammauon, and to idenufy prospecuve on- 

studres have focused almost exclusively on aubome em 

pamcularly upon three possible FW'P sources 1) a Sep 

May, 1969 fire 111 Buddmg 776, and, 3) plutomum-conta 

a former drum storage area east of the RFP mam produc 

that the great majonty of off-site sod plutomum cl 

paruculates from the 903 Pad. The 903 Pad was ca 
effecuvely e b a a n g  it as a direct source of c o n m a  

site sods contammated by the 903 Pad could m turn gene 

affect MSS 199, as could any future non-rouune en 

generated by sod remdauon and slmllst actwmes at on. 
site a~ momtmg stanons suggest that MSS 199 h 
plutomum emmions from the RFP smce the off-site at 

1975 The rn momtonng data are corroborated by on-r 

@ 

Included wthm M S S  199 are appromately 350 acres 

subject of a 1975 lawsuit fded by landowners agmst i 

A Settlement Agreement finahzed m July, 1985 reqmc 

(remedy) on those portlons of the land c o n w n g  pb 

Colorado Department of Health (CDH) special consb 

standard (0 9 picocunes per gram [pcVg]) adopted by th 

c o n m a t e d  areas to reduce plutomum concentranons, 

wmd and water erosion of the sod To date, appro- 

t~I Ied and parually revegetated. W e  plutomum concen 

by dlmg to below the CDH standard, the success of tt 
by the followmg factors 

0 

msufficient amounts and poor seasonal drsl 
extremely rocky surfaces or clayey sods 
mtense compehhon from weeds, which prc 
an expandmg p m e  dog populauon 
the effects of slope and aspect on soil wate 
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iite source(s) of contarmnants These 

isions of plutomum from the €UT, and 

:mber, 1957 fire m B d h g  771, 2) a 

mated sods at and around the 903 Pad, 
on area. These studres have concluded 

ntarmnauon ongmated as wmdborne 

ped wth asphalt m November 1969, 

.on to MSS 199 It is possible that on- 
ate wmdborne pamculates which mght 

ssion from the RFP, includmg those 

;ite RFP OUs Avdable data from off- 

D not been measurably mpacted by 

momtomg system was estabhshed m 
te and off-site sod momtmg data. 

(142 hectares) of land whch were the 

le Umted States and other defendants 

the RFP to undertake remdal acuons 

tomum at concentrabons exceahng a 

icuon reqmments plutomum in sod 

court. The remedy mvolves ullmg the 

and revegetatmg these areas to control 

tely 110 acres (45 hectares) have been 

-auons 111 these areas have been reduced 

: revegetanon to date has been lmuted 

ibuuon of precipitauon 

rlde msufficient sod stabhzauon 
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Specific acaons to mcrease revegetaaon success have 
change the seed rmxtuxe and control p m e  dog and w( 0 
Because past studes and data collecaon acavlaes at M1 
on plutomum contammaaon, httle is known about other 1 

the qualttaave nsk assessment focuses on plutomum as i 
An samples collected mexbately downwmd of the rem1 
at au momtonng stations m populaaon centers downwu 

recorded no mcreases in m b e  plutomum dunng or 
suggesang that there has been no measurable mpact tc 

as a result of the remedy Without acceptable data 

Mferenaate between the potenaal nsk to human health 

mplementaaon, or after mplementaaon It is also unc 
whether the remedy unplementaaon acavlaes wdl m fa 

The mformaaon presented m th~s report pomts to the fc 

t 

I 

There does not appear to be any lmmlnent h 
This conclusion is p r e h a r y  because of t 

Plutomum concentraaons measured m som 
data collecaon acavlaes exceed the CDH 
Distnct Court as the lawsuit acreage remed! 
conclusion, however, cannot be vahdated an 
are therefore considered mconclusive 

Remda l  acaons unplemented to date on 
acreage have successfully reduced plutomu 
pCdg (003 Bq/g) acaon level mandated 
Attempts to restabhe the remedated acrei 
50% successful due to msflicient precipi 
clayey sods, mtense competition from weec 
and the effects of slope on sod moistt 
revegetaaon effort mclude weed control, pri 
revegetaaon seed mutture specified m the I 

Mulaple plutomum exposure pathways fron 
analysis suggests that the auborne dust mhr 
terms of human health nsk under current si 
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en identified, and include acaons to 

d populaaons 

; 199 have focused almost exclusively 
ssible contarmnants there As a ~ s u l t ,  

: contarmnant of concern at MSS 199 

ly acreage dunng remedy acavlaes and 
of the IHSS 199 remedy acreage have 
fter the remedy acaons taken to date, 
iuman receptors downwnd of the site 
however, it IS not possible to fully 

nor to remedy unplementaaon, dunng 

tam wthout a quanataave assessment 

reduce the potenaal nsk 

.owmg conclusions about MSS 199 

nan health hazard posed by MSS 199. 
ta qualtty h t a a o n s  

DISS 199 sods dunng past stuches and 
>lutomum standard used by the US 
icaon level The data that support thls 
may not be of comparable qualtty, and 

20 acres of Jefferson County remedy 
concentraaons m sod to below the 0 9 
y the lawsut Settlement Agreement 
e through revegetaaon have been only 
hOn, extremely rocky surfaces andlor 
, an expandmg prame dog populaQon, 
: Specific acaons to Mprove the 
ie dog suppression, and changes to the 
:ttlement Agreement. 

HSS 199 were analyzed. The pathway 
iaon pathway is the most sipficant m 
condmons Under a future residenaal 
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use scenano, the sod mgesaon pathway may also be significant Although other 
exposure pathways are not considered signrficant under this analysis, all pathways 
wdl be addressed under scheduled RCRA Fadity Invesagaaon/Remdal 
Invesnganon OinVRI) acnvmes at MSS 199 

Although the actual receptor exposures could be expected to vary, the completed 
exposure pathways are the same for pre-remedy, remedy implementanon, and post- 
remedy conhnons at MSS 199 If the remedy is successfully unplemented, 
however, the concentratlon of plutomum avdable for transport as anborne dust wdl 
be reduced through tdhg, and the probab&ty of Occurrence for the rurborne dust 
pathway wdl be reduced through revegetanon 

The control measures used to reduce off-site mpacts dmng remedy Implementahon 
at MSS 199 appear to have been effectwe Avadable data from m samplers set up 
m d a t e l y  downwmd of the remedy acreage dunng remedy Implementation and 
an momtomg stations m populated areas downwmd of the acreage show no 
mcreases m uborne plutomum dunng or after remedd acnons taken to date 

Addmonal data collecnon actmaes wdl be conducted d m g  scheduled RFURI acnwaes fisk 
assessment and site charactenzaaon needs w d  be mtegrated to ensure that all potenaal site 

contarmnants and exposure pathways are idenhfied and charactemzed to the extent necessary to 

perfom a quanatanve human health nsk assessment 
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LIST OF DEFINITIONS 

Completed Exposurt Pathway'. The route a chermcal or mhonuchde takes from a source to an 
exposed orgmsm A completed exposure pathway descnbes a umque mechamsm by whch an 
mdmdual or populaaon is exposed to a chemcal or radronuchde ongmatmg from the site Each 
completed exposure pathway mcludes a source, a transport m d a ,  a mode of uptake, and a 
receptor 

Cune A cune (0) is a umt of rad~oacawty equal to 2 2 2 ~ 1 0 ' ~  doactwe dlsmtegrauons per 
UUnUtC 

Detecaon Lmt' The lowest value that can be rehably detected above the background noise of 
a p e n  analyucal mstrument or method. 

Health Assessment The assessment of chermcal or r&ologml releases from a site and the 
analysis of pubhc health threats resultmg from those releases 

plcocune A umt of radloactrvlty A picocune @Ci) is one one-bdhonth of a Ci, or 10 l2 Ci, 
and is equal to 2 22 mboacnve dmntegrations per m u t e  

Qualltaave Rtsk Assessment 
analyzmg both exposure and dose response data m a non-numencal manner 

Quanutatwe Rtsk Assessment Based on completed exposure pathways, probabhes that an 
mindual wdl develop cancer over a Metune of exposure m esamated from projected mtakes 
and chemcalhubonuchderde-specrfic dose response mfoImaaon 

An eshmate of the hkehhood of an adverse health effect by 

0 

Ruk A umtless probabhty of an mdmdual bemg affected by an event. 

Ruk Coefficient For the purposes of thls document, a umtless probabhty of an mdwdual 
developmg cancer from a c h m c  dady rntake of plutomum averaged over seventy years 

Defimaons fmm the EPA fisk Assessment Gudance for Superfund @PA, 1986b) 1 
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1.0 INTRODUCTION 

Thls Past Remedy Report presents a surmnary of the h s t g r  of the IHSS 199 remedy ordered by 

the U S Dismct Court, an evduahon of the effechveness of the remedy achOnS mplemented to 
date, and a p r e h a r y  human health nsk assessment for MSS 199, Contammation of the Land’s 
Surface, of RFP OU 3 (Off-Site Releases) The RFP is owned by the U S Department of Energy 

(DOE) and contractor-operated by EG&G Rocky Hats, Inc (EG8zG) as a nuclear weapons 
research, development, and produchon complex The RFP is situated on 6,550 acres (2,653 

hectares) of federal property 16 d e s  (25 7 kdometers &m]) northwest of downtown Denver, 

Colorado (Figure 1-1) OU 3 is u q u e  among RFP operable u t s  m that it 1s located outside 

the RFP boundanes 

As presently defmed, M S S  199 mcludes all sods outside of the RFP boundary whch are 
contarmnated by releases from the RFP Past attempts to defme the presence and extent of off- 

site sod contammanon have focused almost exclusively on auborne plutomum emssions from 

the RFP Th~s topic is addressed m &tad in Sechon 2 12 Included wthm MSS 199 are 

approximately 350 acres (142 hectares) of land whch were the subject of a 1975 lawsmt fled 
III U S hstnct Court (Cid Acaon No 75-M- 1 162) by the land owners agatnst the Umted States 

and other defendants (hereafter r e f e d  to as the lawsmt), alleging contarmnahon of the land 
surface by releases from the RFP d u n g  its operatmg hstory Several techtllcal InVeShgahOnS 

and stuhes of the lawsmt acreage were conducted by the vanous parhes to the lawsmt to prow& 

suppomg evldence III the case A Settlement Agreement finahzed rn July, 1985 (the Settlement 

Agreement) (U S Dismct Court, 1985a) requmd that the RFP undertake remedud achon on those 

porhons of the land (hereafter referred to as the remedy acreage) contartllng plutomum at 
concentrahons exceedmg an achon level adopted by the court from a CDH special COnStNChOn 

standard for plutomum m sod Two contiguous tracts of land, which currently axe owned by the 

City of Broodield and Jefferson County, were targeted for remecfiahon based upon the CDH 
Standard.  

OU 3 also rncludes three nearby reservom, designated IHSSs 200,201, and 202, whch are the 

subject of a separate report (DOE, 1990) 
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1 1 PURPOSE AND OBJECTIVES 
The purpose and ObjechVeS of thls report are denved pnmanly from the IAG between the CDH, 

the EPA, and the DOE @PA et al ,1991) The IAG nqurements for the Past Remedy Report 
are as follows 

" Submt a report de-g the hstory of the remedy ordered by the U S  
hstnct  Court pursuant to the land owner's sult settled on July 10,1985, the 
mplementaaon of the remedy, and the effecaveness of the remedy Withm 
th~s report mclude a health assessment idenhfjmg the pubhc health nsk 
assocmed wth pOtenhd exposure to the pubhc pnor to COmpkMg any site 
remdahon, d m g  Implementahon of the remedy, and after compleaon of 
the Settlement Agreement mposed remedy Thls report must deml the 
effechveness of the remedy and the nsks associated wth a nO-8chOn 
dternahve as well as d e b g  the nsks associated with plausible exposure 
dunng mplementaaon of the remedy and after completlon of the remedy " 

Sechon VII D of the IAG Statement of Work dews the components of the health nsk assessment 

reqwed m the above passage These components are the basis of a ngorous, qUanhtahVe 

assessment of the human health nsks associated wth contarmnahon at a site, and it is the mtent 

of the IAG that they be apphed to MSS 199 to assess pubhc health nsk pnor to remedy 

mplementaaon, dunng remedy Mplementaaon, and afm complehon of the remedy Cnocal to 
the performance of such a nsk assessment are the quahty and speclficlty of the data used to 

support the assessment The EPA "Guidance for Data Useabhty m h s k  Assessment" document 
(EPA, 199Oa) estabhshes gudelmes for the rrrrmmum level of data quahty control requmd to 
perform a defensible, quanataave nsk assessment. Vmally all of the avadable data for 

MSS 199 have been collected for the purpose of site charactemahon rather than nsk assessment. 

W e  these data are well sulted for site charactenzahon, a detarled evaluation agmst EPA 
useabhty mtena (Appendur A) mdxates that emsting MSS 199 data do not meet current quahty 

control standards to support a quanataave nsk assessment. Thls report therefore provrdes a 

auditahve nsk assessment m whch human health nsk is defmed m relaave terms rather than 

calculated nsk values Also mcluded is a "genenc" nsk assessment CdCdahOn whch shows the 

steps and the many assumptlons underlymg a quanhtahve nsk assessment, and whch generates 

nsk values based upon hypothencal plutomum concentrations m sod under vanous exposure 
scenanos (Appendur C) Th~s calculation is useful m helpmg to detemme whether known 
contaxxunahon at IHSS 199 poses an unmlnent health nsk to the pubhc Addmonal data needed 

0 

RFPaprl99 r 3 051791 



to support a quantltahve nsk assessment for MSS 199 are IdenMied in Sectlon 4 14, these data 

wdl be collected under scheduled RFURI achwhes at the site 0 
The followmg specific objechves for h s  report are based upon the IAG requlrements for the Past 
Remedy Report and the precedmg dscussion on data useabrlrty. 

Descnbe MSS 199 site physical charactenstlcs 

Row& a hstancal summary of hagauon, enwonmental mvesagahons, and 
remdal actlwhes at the IHSS 199 lawsut acreage 

Evaluate the efficacy of remedml actlon conducted to date m accomphshmg the 
mtended goals of the remedy 

Formulate a conceptual model for contarmnant fate and transport from MSS 199 

Provide a p r e h a r y  health nsk assessment for the IHSS 199 remedy acreage 
whch considers three scenanos 

- No actlon 
- Irnplementatlon of the remedy 
- Post remedy 

Identlfy addlhond data needed to support a quanhtatlve nsk assessment for 
IHSS 199 

1 2  REGULATORY BACKGROUND 

The IAG groups the MSSs at the RFP mto 16 Operable Umts (OUs), one of whch is OU 3 

The OU numbenng system reflects the relatlve order of pnmty for the OUs OU 3 formerly was 

designated Operable Umt No 10 The present RFP OU system has emerged from IAG 
negotlatlon and pubhc comment, whch have mcreased the number of OUs from ten to slxteen 

and changed thev relatlve arder of pnmty 

The pnmary source for the scope of work for mvestlgatlon and remdation of RlT OUs is the 

IAG, which specifies a phased approach t a d a d  to the parhcular requmments of the RFP As 
stated m Paragraph 256 of the IAG, all response achwues by the DOE under the IAG are to be 

performed 'I.. m accordance wlth the reqmments of all apphcable federal and state laws and 
regdahons It These mclude the apphcable requmments of the Comprehensive Enmnmental e 
RFPapr199 r 4 051 791 



Response, Compensaaon, and Liabfity Act (CERCLA), the Naaonal Conangency Plan (NCP), 

the Resource Conservaaon and Recovery Act (RCRA), the Colorado Hazardous Waste Act 

(CHWA), and perhnent EPA gudance documents Invesagaaon of the RFP OUs is scoped m 
the IAG per EPA RCRA and CERCLA gtudance, whch spec@ collecaon of data under an 

RFURI to support a site charactenzaaon, a health nsk assessment, and an enwonmental 
evaluaaon In the Past Remedy Report, however, the IAG specfies the use of exlstmg site data 

to perform a health nsk assessment and does not requm an enwonmental evaluaaon 

Preparanon of the Past Remedy Report is an d a o n a l  IAG reqmment that falls outside the 

scope of RCRA and CERCLA grudance 

Under the terms of the 1985 Settlement Agreement wth landowners, a 250-acre (101 hectare) 
tract of land was transfemd to Jefferson County for use m its Open Space program, and 100 

adjomng acres (41 hectares) were allotted to the clty of Broomfield for future expansion of 

Great Western Reservou These lands were deeded with the understandmg that the RFP would 

lmplement remedtal acawaes on these 350 acres (142 hectares) as specfied m the Settlement 

Agreement, at the request of the owners The actlon level for the remedy was based upon the 

CDH special construcaon reqmments standard for plutomum m sod of 09  pCdg, or 003 
becquerels per gram (Bq/g) (CDH,1976) Thls standard 1s somewhat more stringent than the EPA 

screemg level gtudance of 2x ld  pCi (667xld Bq) of transuraruc rdonuchdes per square 

meter of sod surface area, whch translates to a calculated total transurzllllc concentraaon m sod 

m the range of 8 to 20 pcJg @PA, 1990b) It is stated m the Settlement Agreement that 

adopaon of the CDH standard is not meant to mply concurrence between the lawsut paraes on 

the reasonableness, appropnateness, or apphcabfity of the standard as an action level for the 

remedy (US  Dlstnct Court, 1985a) Jefferson County requested m 1986 that remdaaon 

commence on the pomons of thev acreage targeted for remehaon To date, the remedy has 

been unplemented on 110 of the 250 acres of Jefferson County land. Rather than allow 

Mmedtate use of the acreage as Open Space, the county has chosen to not allow pubhc access 

to thn land unal the remecfiatlon is completed To date, Broomfield has not requested that the 

RFP begm remdaaon on thev affected acreage, and has not proceeded wth plans to expand 

Great Western Reservou Broomfield does not allow pubhc access to thls land. 
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1 3 REPORT ORGANIZATION 

The r e m d e r  of this report is orgmzed mto the followmg sections 0 

RFPapr199 r 

Secaon 2 0 prowdes a ducussion of site charactensacs, site hrstory, a descnpaon 
of the r e m d a l  acaons performed to date, and a &scussion on the effecaveness 
of the remedy 

Section 30  prowdes a descnpaon of the site conceptual model used m the 
preluIllnary human health nsk assessment 

Secaon 4 0  prowdes a p r e h a r y  human health nsk assessment, mcludmg 
identification of data needed to conduct a quantitaave human health nsk 
assessment 

Secaon 5 0 prowdes conclusions and recommendaaons 

Section 6 0 prowdes references 

Appendur A prowdes an evaluaaon of exlstmg MSS 199 data useabhty for nsk 
assessment agamst EPA cntena 

Appenh  B prowdes general guidehes for development of a nsk assessment 

Appendur C prowdes a "genenc" nsk assessment calculaaon for MSS 199 

Appenduc D prowdes selected MSS 199 data source documents 
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2.0 SITE BACKGROUND AND DESCRIPTION 

The RFP fahcates metal components for nuclear weapons h m  plutomum, urmum, berylhum 
e 

and strunless steel Addmonal producnon acnwnes mclude chemcal recovery and pdicanon 
of recyclable transuranic rachonuchdes, metal fabncanon and assembly, and related control 
functions Support acavlnes mclude research and development in metallurgy, machmng, 

nondestructive testmg, coatmgs, remote enpeermg, chemstry and physics These operanons 

generate nonhazardous, hazardous, doacnve  and mmed racboacnve waste streams (DOE, 1987) 

The 385 acre (156 hectare) mam production area of the RFP, wthm the controlled area, is 
surrounded by a 6,150 acre (2,491 hectare) buffer zone whch deheates the RFP boundary 

(Figure 1-11 

2 1 LOCATION AND PHYSICAL DESCRIPTION 

The RFP is located m the northwest pomon of Townshp 2 South, Range 70 West, Jefferson 

County, Colorado (Figure 2-1) IHSS 199 encompasses all lands outside the RFP boundary 
whch are contammated by releases €torn the RFP, mcludmg the remedy acreage The MSS 199 
boundary, therefore, is delmeated by the extent of off-site contammaaon, which has not been 
conclusively defmed Prevlous work whch has attempted to detemne h s  extent is detaded in 
Secnon 2 12 

The MSS 199 remedy acreage is located on two connguous tracts of land totallmg 350 acres 
(142 hectares) m the southern half of Secnon 7 and the western half of Secnon 18, Townshp 2 

South, Range 69 West (T2S, R69W) Both areas are just outside the eastern boundary of the 

REP, approxunately 1 5 d e s  (2 4 km) east of the mam productlon area of the plant (Figure 2-1) 
Both are generally downwmd and downgrahent of the RFP 

2 1 1 RFP Contammanon Sources 

Krey and Hardy (Appendut D, Document D-1) sought, among other goals, to identdy on-site 

sources of the plutomum found m off-site sods These mvestigators focused on four sources 

whch mght conceivably have resulted m off-site contammation 1) a September 1 1 ,  1957 fire 
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m Buddmg 771 @ow, 1973), 2) a May 1 1 ,  1969 fire m Bmldmg 776 (USAEC, 1969, CCEI, 

1970), 3) lealang drums of plutomum-contammated lathe coolant at the 903 Pad, a drum storage 

area m the southeastern part of the RFP mam production area, and, 4) chromc low-level stack 
effluent Based on the pmc le  size of the contammated sod fracaon, meteorologml data, and 
RFP m o m m g  records, the Kxey and Hardy mvesagaaon concluded that the great majority of 
the plutomum at MSS 1 9 9  ongmated as wmdbome pmculates from the 903 Pad, and largely 

dlsmssed the contnbubons of the 1957 and 1969 fires and chromc stack emssions 
Contarmnaaon at the 903 Pad resulted from 55-gallon drums of plutomumcontarmnated lathe 

coolant whch corroded and lealced over a 10-year penod starhng m 1958 The 903 Pad was 

capped wth  asphalt m November, 1969, effecavely e h a m g  it as a dmct source of 
contammaaon to M S S  199 Numerous other mvesagaaons focusmg on plutomum in off-site 

sods smce the Krey and Hardy study have remforced the conclusion that the 903 Pad was the 

pnmary source of off-site sod plutomum contarmnaaon from the RFP (Appendm D, 

Documents D-2, D-3, D-4, D-5, and D-7) 

e 

It is possible that on-site sods contammated by the 903 Pad could m turn generate wmdbome 

particulates whch mght unpact IHSS 199, as could any abnormal emssion from the IUT, 
mcludtng those generated by sod remdaaon and s d a r  acavmes at on-site RFP OUs Results 

from off-site an momtorvlg StatIOnS (Appendm D, Document D-17) suggest that MSS 199 has 

not been measurably unpacted by a n h e  ermssions h m  the IUT smce the off-site an 
momtonng system was estabhshed m 1975 It is expected that any future €UT emssion 

potenaally ImpaCMg MSS 199 wdl also unpact on-site sods and ambient an, and that the 

contammaaon wll be detected through rouune on-site aw and sod momtonng (SeChOn 2 1 3) 

0 

2 1 2  MSS 199 Contamtnaaon 
In an attempt to deheate off-site plutomum contarmnaaon around the RFP, Krey and Hardy 

(Appendm D, Document D-1) estabhshed contours, m mdhcunes per square lalometer (mCdkm2), 
for plutomum m sod around the RFP, based upon analytcal results h m  33 sod samples 
collected from lOCahOnS up to 40 d e s  (64 km) from the plant (Figure 2-2) Dow (Appenduc D, 

Document D-2) based slrmlar contours (Figure 2-3) on results from 135 sod samples Dow’s 

1972 Rocky Flats Annual Enwonmental Momtonng Report mcluded sod plutomum contours, 
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m mcrocmes per square meter (uCl/m2), based on over 300 sod samples (Figure 2-4) The 
Mferences m the results of these stuhes help to lllustrate the mherent Mfculty m drawng 

conclusions about IHSS 199 contammahon based upon exlshng data. Results, and hence 

conclusions, vary widely dependmg upon samphng methods, analytlcal methods and u n c e m t y ,  
defmhon of "background COnCentrahOnS, m t s  of measurement, and numerous other factors 
Most of the data collected smce 1972 have focused speclfically on charactenzmg the lawsmt 

acreage rather than d e f m g  IHSS 199 as a whole (see Appendm D, Documents D-4, D-7, D-8, 

0 

D-9, D-10, and D-1 1) 

In short, the extent of off-site sod contarmnahon as a result of RFP releases, whlch wdl delmeate 

the boundanes of IHSS 199, has not been conclusively defmed. Studtes conducted to date, 

however, do pomt to the followmg d e b t a h o n s  

IHSS 199 is most lrkely h t e d  to areas downwmd of the RFP, namely to the 
northeast, east, and southeast of the plant 

The 350 acres of lawsmt acreage targeted for rtmedlahOn were shown to have the 
hlghest concentrahons of plutomum m sod of all lawsuit acreage, whlch adjomed 
most of the eastern and southern boundanes of the RFP (Appendm D, 
Document D-7) "Hot spots" may occur whch were not detected through lawsuit 
acreage samplmg, however, because other IHSS 199 lands downwmd of the RFP 
are further from the plant than the remedy acreage, it is expected that these lands 
contam lower concentrahons of plutomum than the remedy acreage 

99 percent of the total ecosystem plutomum mventory was contamed m the top 
8 3 mches (m), or 21 centmeters (cm), of plutomum-contammated sods, one-half 
of the total plutomum was m the top 1 2  m (30 cm) (Appendm D, 
Document D- 1) 

The most llkely pathways of plutonium mgrahon from MSS 199 are m d  and 
water erosion of surface sod (SCS, 1985) 

Very lmuted data exlst for contarmnants other than plummum whch could affect off-site sods 

as a result of RFP releases In 1976 and 1977, the RFP tested lawsmt acreage sods for isotopes 

of amencium, cesium, thonum, neptumum, cenum, r d u m ,  and potassium m addmon to 

plutomum The samphng program also mcluded five sites remote from the RFP m order to 

deterrmne representahve background concentmoons (Appendm D, Documents D-4 and D-7) The a 
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Rockwell Internauonal Disclosure to the City of Broomfield followmg the lawsuit (Appendm D, 

Document D-8) based the followmg conclusion on the results of the 1976-1977 samphng 0 
I’ Analysis of 25 sod samples from plantlffs’ lands and samples from each of 

the five background locahons used m the teSMg program show that wth 
respect to &onuch&s other than plutomum and amenciurn, the levels of 
these donuclr&s on plmuffs’ lands are consistent with background 
levels ” 

As mdrcated m this passage, amencium-241, a daughter product of plutomum-241 decay, was 

detected m MSS 199 sods above the background concentrauons recorded at the five remote 
samplmg locauons However, neither Document D-8 nor Document D-7, whch also refers to 
amencium data from the 1976-1977 sampling program, provlde the analyucal results for 

amencium. Poet and Martell (1972) measured amencium-241 and smnuum-90 concentrauons 

m sod samples collected in 1969 h m  several locanons around the RFP. Thls study calculated 
that amencium conmbuted 3-15 percent as much alpha ac~vlty as &d plutomum m the areas 

sampled, and esumated that the amencium contnbuuon to alpha a c ~ v l t y  would eventually 

approach that of plutomum as decay of plutomum-241 mto amencium-241 progressed The RFP 
sod samplmg program conducted by CDH (see Secoon 2 1 3 3 and Appendut D, Documents D-5 
and D-18) has penocbcally mcluded analyses for cesium-137 and urmum 1989 samples were 

not analyzed for amencium-241, as mdrcated m Document D-18 (CDH, 1991) These h t e d  

efforts represent the only known charactenzauons of radronuclrdes other than plutomum at 

MSS 199 Possible contammants other than rdonuclrdes present in MSS 199 sods as a result 

of RFP releases have not been charactenzed, wth the excepQon of berylhum measurements m 
1971 under the CDH sod momtorrng program CDH concluded that berylhum concentraoons m 

the sod were consistent wth expected background levels (CDH, 1991) 

0 

Ongoing studes of RFP OU 2 wdl provlde more demled charactenzahons of sod contarmnauon 

between the 903 Pad and the RFP eastern boundary Studres are also underway to define 
background concentrauons m sod of potenual RFP contarmnants, mcludmg “background1 

plutomum and amencium resulung from atmosphenc tesung of nuclear weapons The relevance 

of these background concentrahons to MSS 199 WIU be addressed m f u m  RFVRI acnvlhes 

Cumulauve deposiuons of plutomum due to nuclear teSMg on ground surfaces m the Umted 
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States range from 0001 to 0003 uWm2 (EPA, 199Ob) Data on RFP clunatology also are 

avadable (Secaon 2 1 4 4) It is beheved that geostatlshcd methods mcorporaang these vanous 

data can be uahzed dutlng future RFvR1[ acavmes at MSS 199 to help focus efforts to define 

the site boundary by selecang appropnate sample locaaons and samplmg density 

0 

2 1 3 RFP Enwonmental Momtonng 

The RFP conducts rouane radlologcal and non-mbologcal enwonmental monitonng of effluent 

au, ambient au, surface water, ground water, tap water, stream sedunents, and sod at locaaons 

on and m the wcinity of the RFP Results from these momtomg programs are published 
monthly and/or annually m RFP enwonmental momtomg reports @ow et al ,1971-1989) The 

ambient au, effluent an, and sod m o m t m g  programs are of pnmary importance to the detecaon 
of RFP emssions whch may -act off-site sods Ambient au and sod are also momtored by 
CDH in locaaons around the RFP The followmg mfoxmaaon about these programs is taken 

pnmanly from the monthly and annual enwonmental repam 

2 1 3 1 Ambient Au M o m t m g  

The RFP mamtams a network of COntmUOUSlY operatmg ambient au samplers on and m the 
vlcmty of the plant site These samplers trap mfluent partmlates on a filter element Speclfic 

mformaaon regardtng sampler types and locaaons, analyacal protocols, and analyacal results 

have been summanzed smce 1971 m the RFP annual enwonmental momtonng reports @ow et 

al , 1971-1989) There currently are 51 samplers in the ambient au samphg network, of whch 

23 are located on the RFP site (Figure 2-5), 14 are located along the RFP boundary (Figure 2-5), 

and 14 are located wthm nearby communiaes (Figure 2-6) The RFP has conducted on-site 

ambient au monitonng smce the plant opened m 1951 The onpal  network of low-volume 

(approximately two cubic feet per m u t e  [cfm]) an samplers was upgraded m 1974-1975 to the 

tugh-volume (approxmately 25 cfm) samplers currently in use Off-site (commumty) samplers 

were added to the network at h s  tune 

Samphg and analyacal protocols have vaned throughout the hstory of the ambient au 

momtonng program Plutomum analysis of selected ambient au samples began m 1975, pnor 

to h s ,  on-site ambient au samples were analyzed for total long-hved alpha r d a a o n  only 
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Under the c w n t  protocol, on-site samples are collected biweekly and analyzed for total long- 

hved alpha achwty If the results of this analysis exceed the RFP gwdehne of 0 11 pCdm3 

(0 0037 Bum3), plutonium analysis is performed As of December, 1990, the biweekly on-site 
samples are composited mto a smgle monthly sample Samples from the RFP penmeter and from 
nearby commufllties are collected biweekly and composited mto a smgle monthly sample, whch 

is analyzed for plutomum. The CDH also mantams off-site au samplers for measunng 

plutomum concentrahon m ambient au m the vlcmty of the R l T  (CDH, 1970-date) 

@ 

Starhng m the early 1980s, the RFF conducted on-site momtonng for EPA cntena pollutants 

(total suspended pamculates, ozone, sulfur droxlde, carbon monoxlde, mtrogen droxlde, and lead) 

utdmng a moblle ambient au momtmg ufllt This mobile umt was replaced in md-1986 wth 

a permanent momtonng stahon located just mside the RFP east gate Starhng in 1989, thls 
program was scaled back to lnclude total suspended pamculates and respmble parhcle fiacaon 

(those pamcles smaller than or equal to 10 mcrons m size) only 

In 1976, m e  ambient au momtmg staaons were mstalled by the RFP at and near the IHSS 199 

lawsuit acreage These staaons were operated from November, 1976 through July, 1978 
specifically to collect monthly mborne plutomum concentration data for the lawsuit It was 

detemned m 1978 that data collected from the lawsuit-specfic stahons drd not si@icantly 

ddfer from nearby ambient au momtonng program sampler data, and the lawsuit-speclfic stahons 

were therefore removed (Appendm D, Document D-6) 

0 

Anborne plutomum concentrahons were momtored by the RFP Mmdately downwmd of the 

remedy acreage durrng court-&red W g  to supplement data obtamd from pexmanent stahons 

downwnd of the acreage A tabulation of the 1987 remedy-spec& momtonng data is mcluded 

in Appendut D, Document D-12 A summary of average annual ambient au plutomum 

concentrahons from selected momtonng stahons near the remedy acreage d m g  the perrod of 

remdal aChWty (1985-1988) is provlded m Appenb D, Document D-17 The results of th~s 

momtonng m terms of human health m k  are d~scussed m Secaon 4 0 
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2 1 3 2 Effluent Ax  Monitonnq 

RFP effluent au has been momtared smce the RFP opened m 1951 Effluent au monitomg is 

addressed m derad m RFP monthly and annual enwonmental momtonng reports @ow et al , 
1971-1989) and m the RFP Enmnmental Impact Statement (DOE, 1980) Conhnuous effluent 
au samplers are located m the venalaaon exhaust systems of each producaon and research 
bmldmg at the RFP As is the c8st wth  the ambient au  m o m t m g  program, the samphng and 

analyt~cal protocols for effluent an momtarurg have vaned throughout the hlstory of the RFP 
Plutomum analysis of selected effluent a n  samples began m 1975, pnor to thls, aubome effluents 

were analyzed for total long-hved alpha radIahOn only Under current protocol, effluent au 

samples are analyzed at regular mtervals for total long-hved alpha achvlty Indvidual samples 

from each exhaust system are composited monthly into area-speclfic samples, whlch are analyzed 
for plutomum, amencium, m u m ,  and beryllium Exhaust streams known to potenhally contam 
tnhum are also analyzed for tnhum concentraaon three tunes each week 

0 

2 1 3 3 Soil Monitonnq 
Begmmng m 1984, sod samples have been collected annually by the RFP to evaluate changes 
111 sod plutomum concentrahons. The sod momtonng program is addressed m &tad in the RFP 
annual enwonmental momtonng reports @ow et al , 1971-1989) Under current protocol, sods 

samples are collected once per year from 40 sites located on concentnc cmles one and two mdes 

(1 6 and 3 2 km) from the center of the RFP and are analyzed for plutomum A slrmlar sod 

samphng program was conducted m 1977, wth the addmon of 17 samples collected from 

locahons on a cucle five mdes (eight km) from the RFP center 

0 

The CDH also monitors sod plutomum concenlrahons m areas near the RFP (Appendrx D, 

Document D-18) Under thls program, five subsamples are collected w i h  each of 13 

predefined sectors near the RFP and composited mto a smgle sample, whch provldes an average 

sod plutomum concentrahon wthm the sector Sod samples also are collected from eight 

Colorado iocahons remote from the RFP m order to assess sod plutomum concentrahons due to 
world-wde atmosphenc fallout. The CDH sod samphg program was conducted annually 
between 1970-1978, and m 1980, 1981, 1986, and 1989 Results are pubhshed m RFP 

enwonmental surveillance reports prepared monthly by CDH, (CDH, 1970-date) A summary 
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table of results between 1970-1986 is included in Appendm D, Document D-18 Several of the 

past samphg programs, mcludmg the 1989 program, have mcluded analysis of selected 

rdonuchdes other than plutoIllum and of beryllium (CDH, 1991) 
0 

2 14  Site Condmons 

The followmg sectlons address the sods, hydrology, clmatology, and biota of MSS 199 as each 

pertam to potentlal contarmnant fate and transport and to court-ordered remex%al actlwtles at the 

site Because MSS 199 boundanes have not been conclusively defined, and because site 

COndmOnS at the MSS 199 remedy acreage adjommg the RFP have been studled m detzul, the 

followmg descllptlons focus pnmanly upon the remedy acreage 

2 1 4 1  Sods 

A general descnpaon of the sods m the MSS 199 areas east and south of the RFP is prowded 

111 the U S Department of Agnculture Sod Conservatlon SeMce (SCS) Sod Survey of the Golden 

Area, Colorado (SCS, 1980) Accordmg to this survey, sods m the area are charactenstlcally 

well dramed, clayey and loamy sods on hgh terraces, hdl slopes, and fans The pnmary sod 

type m h s  m a  is mapped by the SCS as Nunn-Denver complex, compnsed of approxlmately 
45 percent Nunn, 25 percent Denver, and 30 percent other sod types and Urban land Nunn and 

Denver sods are deep and well dmned, and form from clayey matenal denved predomtnantly 

from mudstone and shale The surface layer is a clay loam The Nunn subsod is a clay loam 

to a depth of 60 111 (152 cm), wNe the Denver subsod is clay to the same depth The SCS also 

notes that Pnmen and Leyden sod mts occur wthm the area on gravelly and cobbly hdl slopes 

0 

Sod charactenstlcs 111 the MSS 199 remedy acreage were considered by the SCS m prowdmg 

erosion control and revegetatlon rexommendaaons for the remedy (SCS, 1985) The sods were 

charactenzed as Denver-Kutch-Mdway clay loams, e s m t e d  at 50 percent Denver, 30 percent 

Kutch, and 20 percent Mdway, wth Denver and Kutch sods on hdl slopes and Mdway sods on 

ndge crests Establishment and mamtenance of grasses and other vegetatlon m the Denver- 

Kutch-Mdway sod complex are restncted by the slope, the clay loam surface layer and clayey 

subsod, and, on the Mdway sod, shallow depth to bedrock The complex is descnbed as 

generally unsmtable for culavatlon due to the hgh nsk of erosion When attemptmg to vegetate 0 
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the sod, supplemental mgahon at planhng hme and dunng dry pen& is recommended 
@ (SCS, 1980) 

The SCS esumated annual sod loss rates due to water and wmd erosion for northeast-facmg 
slopes at the remedy acreage under worst-case COn&hOnS (ie bare sod) and under remdal  
achvlty con&tlons (ie alled, wth  a cover crop) Total annual loss through water and wmd 

erosion may range from 93 to 143 tons per acre (209 to 321 metnc tons per hectare) under worst- 

case COn&hOnS This loss would be reduced to 13 to 22 tons per acre (29 to 49 metnc tons per 

hectare) under remehatlon wthout usmg protecave mulch between plowmg and establishment 
of a cover crop If such a mulch was used, the loss due to erosion is predicted to be 1 to 3 tons 

per acre per year (2 2 to 6 7 memc tons per hectare per year), due almost exclusively to water 
erosion Gullymg, whch mght mcrease the total loss m the worst-case scenano, was idenhfied 
as a hkely problem If the land was not adequately protected dunng reme&al acavltles (SCS, 

1985) 

Revegetahon of MSS 199 remedy acreage has been hampered by abundant cobbles m the soil, 

whch were brought to the surface by t d h g  Surface accumulahons of cobbles are esmated to 
cover some 30 percent of the 110 tilled acres, and m some areas cover nearly 90 percent of the 

surface (Appendut D, Documents D-15 and D-16) An macave gravel pit is located m the 

northeastern comer of the Swoon 7 remedud acreage It can be mferred from these observaoons 

that the rock fragment content of some porttons of the remedy acreage sod is appreciable, 
perhaps 15 - 20% or more by volume 

0 

2 1 4  2 Surface Water 

Surface water features m the vlcmty of the RFP mclude -ages, &versions, and 

mpoundments (Figure 2-1) The Clty of Broomfield remedy acreage m %Chon 7 abuts Great 

Western Reservow to the north The Jefferson County remedy acreage m Sechon 18 surrounds 

Mower Reservow @ISS 202) Mower Reservow is fed by a &version from Woman Creek, whch 

flows from the southern part of the RFP Outflow from Mower Reservow dmharges to the east, 

eventually entemg Church Dmh Woman Creek itself traverses the southern end of the 

Jefferson County remedy acreage before Qschargng mto Standley Lake (IHSS 201) a 
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Existmg slopes at and near the remedy acreage are 2 to 15 percent, generally to the east Slopes 
to the west also are present (SCS, 1985) Topographic maps of the site mdxate that most of the 
remedy acreage drams mto two ephemeral channels whch flow southeast from the acreage into 

Standley Lake (USGS, 1980) Porhons of the northernmost City of Broomfield remedy acreage 
in Section 7 dram north mto Great Western Reservov (MSS 200) The southernmost Section 

18 remedy acreage drams dvectly into Woman Creek 

The frequency and amount of surface runoff depend upon several factors, mcludmg sod 

mfilmion capacity, surface vegetaaon, and slope The clay loam sods at M S S  199 are assumed 
to have relatively low mfiltraQon capaclty due to clay content, except where fractures may have 

si@cantly mcreased vemcal permeability Vegetation cover, addressed m more deml m 
Secaon 2 1 4 5, is somewhat sparse, consistmg mostly of native grasses and weeds Parts of the 
110 acres of remedy acreage alled dunng 1986-1987 c o n m  adequate to margmal ground cover 

of perennial grasses and weeds Some surfaces of the remedy acreage are poorly vegetated due 

to pravle dog colomes and cobbles brought to the surface by t d h g  Apphcation of mulch on 
th~s surface (see Section 2 2 3 2) would reduce the U e U d  of surface runoff Although 

revegetation of the remedy acreage has been b t e d  by these and other factors (see 
Section 2 2 3 2), the area is not hghly e d b l e  due to ground cover of perennial grasses, weeds, 

and surface rocks A site-wde study of the hydrology of the RFP deterrmned that runoff m the 

Woman Creek basin averages only 1 4 peIcent of ramfall, mdxatmg either a high infiltration rate 

for the soil or a high surface retenaon capacity Thls figure was based on records for long- 
duration, low-mtensity storms, runoff may be much hgher for a shortduration, hgh-intensity 

event (USGS, 1976) 

0 

2 1 4  3 Ground Water 

Currently, there no W c a t e d  ground water monitomg wells outside of the RFP eastern 

boundary Numerous pnvately-owned water wells, however, have been drilled just east of the 
RFP Lmuted mfrmaaon was o b m e d  from d n h g  and f b g  records held by the Colorado 

Division of Water Resources These records suggest that the hckness of surficial deposits 

ranges from 15 to 50 ft (4 6 to 15 m) and averages appromtely 25 ft (7 6 m) near the remedy 

acreage Surficial deposits typically are described m the well records as clay, sandy clay, or clay 
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wth gravel and boulders, locally capped by five or SIX feet of topsoil The underlymg bedrock 

is descnbed m the well records as alternating layers of shale and sandstone, which is assumed 
to be a very generaltzed dempnon of the Arapahoe Formanon Most of the wells studed were 
completed m sandstones at depths rangmg from 35 to 275 ft (10 7 to 84 m) Stanc water levels 
averaged 10 to 50 ft (3 0 to 15 m) htgher than the scfleened mterval, m&caang moderate pressure 

head m the sandstones The StahC water level was 20 ft (6 1 m) m one well completed m the 

shallow aqufer m the southwest comer of Secnon 6, just north of the MSS 199 remedy acreage 

0 

@M, 1gw 

Although httle site-specfic mformaaon is avadable for ground water at MSS 199, plant-wde 

hydrogeologc stu&es provlde an UIdICahOn of ground water condmons m the vlcinity of the RFP 
Two hydrauhcally-connected ground water systems occur at the RFP An unconfined system 

which is present m saturated surficial deposits (the upper hydrostrangraphic umt) in many areas 

of the RFP, and a confined system 111 sandstones and claystones of the underlymg Arapahoe 

Formaaon (the lower hydrostrahgraphc umt), which is assumed to also underhe MSS 199 

sdicial  deposits (USGS, 1976) The shallow unconfined system is recharged by infiltraaon from 

mcident precipitatton and from surface and baseflow water ( e g ,  dramages and resewom). 
Ground water flow is generally to the east and towards dramages Ground water locally 

dmharges as seeps or spmgs m h a g e s ,  especially wheR the surfcial depositbedrock contact 

is exposed. Large water table fluctuanons may occur m the shallow system m response to 
seasonal vananons m recharge and dwharge, wth  the hghest water levels generally o c c m g  
dunng the months of May and June and the lowest water levels generally occurrrng m January 

and February As a result of these fluctuanons the lateral and verhcal extent of saturated surficial 

deposits vanes seasonally Several past studes have measured hydrauhc conducavlty m the 

upper and lower hydrostraagraphc wts usmg drawdown-recovery tests, pump tests, packer 

tesang and slug testmg on selected wells (USGS, 1976, Hydro-Search, 1985, Rockwell, 1988a) 

0 

Confined ground water m the lower hydrostrangraphc umt occurs pnmardy in lenacular 

sandstone W e s  w i h  claystone Ground water flow m the upper hydrologc umt occurs 111 the 

unconsohdated Quaternary surfkial deposits and the shallow sandstone w i h  the bedrock 
Recharge to thls umt occurs from infiltranon from streams and precipitanon The lower 0 
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hydrologc u t  is found m the deeper bedrock sandstones whch exhlbit confined COnQhOnS 

Recharge to thls umt occur pnmanly from baseflow and leakage from the overlymg claystone 
Ground water m the lower hydrolopc umt flows east towards a regonal dscharge area along the 

South Platte fiver, some 20 rmles (32 km) east of the RFP Local seeps occur along the sides 
of dmnages where the bedrock crops out. Calculated hmmntal hear  flow velociaes for the 
system average 0 1 ft/day (003 &day) m the sandstones and approxmately 9xlW Wday 
(2 7x104 &day) m the claystone A relaavely steep downward grdent is also observed m areas 

of the formaaon The effects on ground water movement by fadMg in the lower hydrolopc u t  

are not known (USGS, 1976, Hydro-Search, 1985) 

0 

2 1 4  4 Cllmatology 

Water and wmd erosion are the pnmary contarmnant transport mechanisms for contammated sods 

at MSS 199 These mechatllsms are Qscussed m greater detttll m Secaons 3 0 and 4 0 

Water erosion of soil occurs as a result of surface runoff Surface runoff at MSS 199 is the 

result of precipitaaon, pnmanly from ramfall and to a lesser extent from snowmelt The volume 

of runoff is controlled by the mtensity and duraaon of precipitaaon, antecedent soil moisture, and 
the surface and sod charactensacs chscussed in Secaon 2 1 4 2 Ramfall mtensity and duraaon 

vary wdely D m g  a three-year hydrologcal study of the RFP between 1972 and 1975, d a l l  

mtensihes vaned from c0 1 lnkr (4 25 cm/hr) to appromtely 0 5 lnkr (1 25 cm/hr) (USGS, 
1976) Frontal storms wth long, low-mtensity d a l l  duraaons occur m the fall and early 

spnng, whde short, mtense cloudbursts are frequent m the late spnng and summer months The 

cloudbursts produce much greater surface runoff than the frontal storms, despite the= typically 

short duraaons Spnng snowmelt can also generate hgh runoff Average total precipitaaon for 

the RFP area is appromtely 15 mches per year (dyr) (38 cdyr), wth 40 percent of h s  

falhng d m g  the spnng (DOE, 1980). 

0 

Wmds 111 the area are vanable m dnecaon but are predomantly from the west (westerly) 
Stronger wds occur dumg the wmter months (DOE, 1980) Wmd data for 1989, whch meet 

EG&G Rocky Flats Enwonmental Restoraaon Rogram quahty assurance standards, are 
Qscussed m Sectlon 4 0 a 
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2 1 4  5 Biota 
An enwonmental evaluaaon of IHSS 199, whrch wdl charactenze and evaluate the mpact of 
contarmnahon on the site ecosystem, wdl be conducted m accordance wth EPA guidance dunng 
future RFI/RI achmaes at the site Because enwonmental evaluaaon falls outside of the scope 

of the Past Remedy Repart, biota at IHSS 199 are addressed only as they pertam to potenhd 
contarmnant fate and transport and to court-orded Ilcmedral acamhes at the site 

0 

The vegetaaon m the IHSS 199 area consists of name grasses and weeds, wth  vanous shrubs 

and small trees along dramages Naave grasses common to the area include western wheatgrass, 

green needlegrass, blue grama, and sideoats grama (SCS, 1980) P m o n s  of the area are used 

for pasture, grazmg, and crops (Sechon 2 2 1) 

Lands whch have been al l4  and seeded as part of remedlaaon have been dormnated m the early 
stages of =growth by weeds, mcludmg Canadtan, Russian and musk hstles, mustards, bmdweed, 

and cheatgrass (Appenduc D, Document D-14) Although these weeds compete wth  the grasses 
planted at the remedy amage, they promde fan but unreliable stabdizaaon of soils As of late 

1990, planted grasses have become estabhshed on apprownately 50 percent of the northern 

(Secaon 7) remedy acreage and provide excellent sod stabhzahon Planted grasses were 

charactenzed as margnally estabhshed on 15-20 percent of the northern acreage and 

unestablished on 30-35 pexent of the acreage, owmg prrmanly to surface cobbles and 

compeahon from weeds (Appenduc D, Document 0-16) The seed mx mandated by the 

Settlement Agreement includes western wheatgrass, sideoats grama, pubescent wheatgrass, and 

smooth brome (SCS, 1985) Wmter wheat and sorghum also have been planted on these lands 

as wnter cover to help prevent sod erosion dunng remdaaon 

0 

h e  dogs have been idenafkd as a potenad threat to revegetatron of the remedy acreage As 

of late 1989, the prame dog populahon lmpacted approxrmately 60 percent of the northern 

(Secaon 7) land and 30 percent of the southern (Sectlon 18) land. Rame dogs conmbute to sod 

destabllizatton through b m w m g ,  consumpaon of new seedlmgs, and stnppmg of vegetanon 

around burrows for visual defense agamst predators W e  burrowmg may locally ddute 
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plutonium concentraQons, it may also promde a pathway for deeper infiltraQon of plutonium into 

the sod and subsoll at MSS 199 0 I 

2 2 HISTORY OF SITE 

The followmg secaons address past and present land usage and future land use scenanos at 

IHSS 199, summanze the legal hstory of the site, and descnbe the remdal acoons undertaken 

to date at the site as a result of the Settlement Agreement 

2 2  1 Landusage 

The populaoon, economcs, and land use of the areas smundmg the RFP are descnbed m a 

1989 Rocky Flats mcmty demographics report by DOE (DOE, m press) Thls report &mdes 

general use of areas wthm zero to 10 d e s  (zero to 16 km) of the RFP into residenoal, 

commercial, mdusmal, parks and open spaces, agncultural and vacant, and msatuaonal 

classlficahons, and considers current and future land use near the plant 

2 2 1 1 Current Usage 

The majmty of residenaal use wthm five d e s  (eight km) of the RFP is located me&ately 

north and southwest of Standley Lake (Figure 2-1) Smgle (mcorporated) residents are located 

closer to the RFP boundary to the east and south Figure 2-7 shows the 1989 populaaon 

lstnbuhon wthm areas up to five mles from the RFP Commercial development is 

concentrated near the residenod developments north and southwest of Standley Lake, and around 

the Jefferson County Anport several d e s  northeast of the RFP Indusmal land use w h  five 

d e s  (eight km) of the plant is h t e d  to quarrying and mmng operaaons Open Space lands 

are located northeast of the RFP, near the city of Broomfield, and m small parcels adjollllng 

major dramages and small neighborhood parks m the cines of Westrmnster and Arvada Standley 

Lake Park, whch surrounds Standley Lake, is approxunately five d e s  (eight km) southeast of 

the RFP Imgated and norumgated cropland, producmg pnmatrly wheat and barley, are located 

northeast of the RFP near the CiheS of Broomfield, Lafayette, and Lomsvllle, north of the RFP 

near Louisvdle and Boulder, and m scattered parcels dmctly east of the RFP The area south 

of the RFP contams several horse operahons and many small hay fields The demographcs 

report charactenzes much of the vacant land adjacent to the RFP as rangeland (DOE, m press) 
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The remedy acreage onpally was pnvately owned by the lawsuit plamnffs and utdized as 

pasture for grazmg livestock. Poruons of the land were culavated with Hrlnter wheat, these areas 
had been alled for 25 years or more pnor to thev abandonment m 1980 (Appendw D, 
Document D-1 1) An macave gravel pit also is located m the northeast comer of the Broomfield 

remedy acreage The operaaonal hstory of h s  pit is not known 

As a condmon of the Settlement Agreement, MSS 199 land totalhng 350 acres (142 hectares) 

was transferred from the plamnffs to the Clty of Broomfield and Jefferson County The 100 

acres (40 hectares) m Secaon 7 deeded to Bmmfleld were to be used for expanhg Great 
Western Reservov To date thts reservov expansion has not occurred. The land has remruned 

m its ongmal state and pubhc access is not pemtted The 250 acres (101 hectares) of Jefferson 

County land m Secaons 7 and 18 were dedicated to that county’s Open Space program Rather 

than allow -date use of the acreage as Open Space, the county has chosen to prevent pubhc 

access to thts land untd remedy acawaes are completed. 

2 2 1 2  FutureUse 

Future land use at MSS 199 most llkely mvolves conmued suburban expansion m areas north, 
east, and south of the RFP, mcreasmg the density of residenaal, commercial, and perhaps 

mdustnal land use m these areas Future land use may also mclude construcaon of W-470, the 

western w o n  of a beltway encuchg the Denver metropohtan area Two comdors currently 

are under consideraaon for W-470: 1) west of the RFF, along or just west of the exlSMg 

Colorado fighway 93, and, 2) east of the RFP The east mute would pass approxlmately one 

quarter d e  (0 4 km) east of Great Western Reservov At thts tune, it appears very irkely that 

the west route wdl be selected Construcaon of W-470 probably wdl not commence before the 

0 

md- 1990s 

The expected trend m populaaon growth m the wcmty of the RFP is addressed m the DOE 
demographcs study (DOE, 111 press) Thls report considers expected vazlaaons m populaaon 

density by compmg the current (1989) setang to populaaon projecaons for the years 2000 and 

2010 A 21-year profde of proje~ted populaQon growth m the wcmty of the RFF can thus be 
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exammed. The DOE projections are based pnmanly upon long-term populahon projechons 
developed by the Denver Regronal Councd of Governments (DRCOG) @ 

Expected popdahon density and hstnbuhon around the RFP for the years 2000 and 2010 are 

shown in Figures 2-8 and 2-9, respechvely Table 2 1 summanzed the popdahon data presented 
m Figures 2-7,2-8, and 2-9 Sectors 3,4, and 5 depicted m these figures are relevant to the nsk 

assessment presented 111 Sechon 40, whlle sectors 1 and 2 represent property wthm the RFP 

boundary In addmon, only &al Sectors B through H am considered relevant to IHSS 199 
Rewew of Table 2 1 and Figures 2-7,2-8, and 2-9 suggests the followmg dahve to potenaally 

exposed future populahons 

Sector 3, the two- to three-de band from the center of the RFP, contams the 
remedy acreage There is no projected pOpdahOn growth m thrs sector over the 
next 20 years 

Populahon growth 111 Sectors 4 and 5 is expected to be substanhal through the 
year 2010 However, most of thls projected mcrease is anhcipated in northern and 
southern areas more hstal from the areas of known contarmnahon 111 MSS 199. 

In the year 2010, approxmately 90 percent of the projected 23,239 residents m 
the area of mterest to MSS 199 wdl reside m Sector 5, whch is 2 to 3 rmles from 
the RFP boundary 

These observahons suggest that, whde the popdahon 111 the wcmty of the RFP is expected to 

grow m the next 20 years, the dynarmcs of thls growth do not COnShtUte an unrmnent concern 

for residenhal exposure to known MSS 199 contarmnahon Thls topic is addressed m detail m 
sechon 4 0  

Use of the remedy acreage after compleaon of the remedy has not yet been de temed by the 
owners It IS ltkely that, at least for the short term, the Jefferson County remedy acreage wdl 

be used under the county’s Open Space program, whch allows pubhc access for hllang, 

bicychng, and horseback ndmg The EPA fisk Assessment Gllldance for Superfund (EPA, 1989) 

recommends, for purposes of nsk assessment, that a residenhd use scenano be assumed If it 
appears possible based on exlstmg mformaaon Future residenhd use of MSS 199 is considered 
m the genenc nsk assessment (Appendut C) 0 
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TABLE 2.1 

CURRENT AND PROJECTED POPULATION IN THE 
VICINITY OF THE ROCKY FLATS PLANT 

I Segment I II 

0 O I  

1 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 

3 5 13 0 0 0 17 0 35 

4 0 22 0 283 46 50 215 616 
I I 

5 13i 251 3,6711 477i 578i 2,3551 7,41911 

SUM I 3051 481 251 3,9541 5231 6451 2,5701 8,07011 

35 

2 0 0 0 0 0 0 0 

3 5 13 0 0 0 17 0 

4 0 389 14 644 142 50 1,007 2,246 

5 2,189 1,069 25 5,009 601 1,879 10,186 20,958 

SUM I 2.1941 1,471 I 391 5,6531 743) 1,9461 11,1931 23,23911 

Source DOE (m press) 
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2 2 2 fistorv of Lianaaon 

In May, 1975, a lawsmt was filed agmst Rockwell htemah0nal Corporanon, Dow Chemcal 

Company, and the Umted States of Amenca by the Church (McKay) plmhf‘fs and Great Western 

Venture partnershlp ( U S  Distnct Court, 1985b) The plamhffs’ holdmgs consisted of 

approximately 2,000 acres (810 hectanes) to the west, south and east of the RFP The plmtrffs 
alleged that then lands were damaged by releases of plutomum and other rdoacave matenals 
from the RFP The plmhffs c lmed that these matenals had rendered then land unfit for human 
habitaaon and had dlrmmshed the market value of thex properhes for commercial, residential or 
other non-agncultural uses The plamhffs further clamed that the mere presence of the RFP next 

to thev property further dunnushed the value of then properhes The defendants acknowledged 

that releases of d o a c a v e  matenals occurred at vatlous hmes from the 1950s through the late 

196Os, but contended that the releases had not vlolated apphcable regulaaons estabhshed for the 
protechon of the pubhc (U S Dismct Court, 1985b) 

On the basis of scienafic exhlbits presented early in the proceedmgs and objecaons msed dunng 

the hearmgs, the parhes agreed to conduct a field mveshgahon on the plmhffs’ lands that would 

mclude collecnon and analysis of sod samples for plutomum and americium Mor to 
commencement of the field mesagahon, the pames agreed to speclfic methodolopes for 

collectmg, preparmg, and analymg the sod samples (Appendm D, Document D-4) The field 
InVeSOgahOn program commenced m 1977 and conhnued through 1979 Results of the program 
mhcated plutomum COnCentIahOnS on the plmhffs’ properhes rangmg from <o 01 to 3 4 pCdg 

(3 7x104 to 0 13 Bag) (Appendm D, Documents D-4, D-5, and D-7) After addmonal tesMg, 

the pmes  agreed to accept some of the data as ewdence for the tnal ( U S  Disttrct Court, 

1985b) 

In March, 1978 the Ackard-Butler mterests lntcrvened m the legal proccedmg and were added 

to the lawsut as plmhffs Church and Ackard-Butler added, by amended complmt, the State 

of Colorado and Jefferson County, Colorado as defendants m 1982, clsurmng that If the 

government defendants prevded m thls htIgahOn, then the State and County had acted 
unlawfully m precludmg development of plamhffs’ lands In 1982 the Court &smssed the 

plamaffs’ chms for lack of jurrsdlchon, ruhng that the issues were not detemable under 
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Rule 56 

plamtdfs w m  enhtkd to a mal or mals on some of therr clams 
In 1983, the Tenth Cmmt Court of Appeals reversed this h g ,  staang that the 

0 
In December, 1984 a settlement was reached between the defendants and plmaffs (U S Distnct 

Court, 1985a) The Settlement Agreement, as amended on July 2, 1985, called for nppmg, 
plowmg and dlscmg (referred to genencally m this report as "ulhng") of affected soils to reduce 

plutomum concentraaons to less than the CDH special construction q u m m e n t s  standard of 

0 9 pCVg (0 03 Bag) H~stoncal mci&nts (e g , Palomam, Spzun, c m a  1960) estabhshed a 

precedent for h l h g  plutomum contamtnated lands, whch reduces the concentratron of plutomum 
by dlspersmg it throughout the sod (Lawton, 1990) Results of sod samphg dunng 1977 

mdlcated that plutomum levels m several alled wheat fields on the plamtdfs' property were 

consistently lower than levels on adjacent un&sturbed ground The agreement requmd the RFP 

to conduct addmonal sod samphg to venfy that plutomum concentraaons were reduced, and to 
revegetate the alled sods to prow& stabhzmg vegetaaon Specfic standards for evaluatmg the 

success of xevegetaaon were not mcluded m the agreement The OphOn of r e m d a M g  the land 
through "other processes" was left open m the agreement The selected mmedlal acaons were 

jomtly agreed upon by Rockwell Inkmatlonal, DOE, and CDH One of the condmons of the 
agreement was the preparahon and &ssemmaaon by the RFP of an annual status report on 

remdaQon progress The RFP currently pmvldes sem-annual status reports Status reports 

prepared to date are provided rn Appendm D The Settlement Agreement also ma& provisions 

m the event there are any future release(s) from the RFP If a release occurs, the RFP must 

demonstrate that contarmnants on affected properhes do not exceed apphcable standards 

0 

Court-supemsed sod samphg was conducted m 1985 on the affected lands accordlng to CDH 
sample collecaon protocol (Appendut D, Documents D-8 and D-9) Approxlmately 350 a m s  

(142 hectares) of land wth  concentraaons of plutomum greater than 0 9 pCdg (0 03 Bq/g) were 

&heated by the samphg program These areas, whch were subsequently transferred to 
Jefferson County and the City of Broomfield, are the only land to whch the Court-ordered 

r e m d a l  achon apphes Another 490 acres (198 hectares) pertinent to the settlement dld not 

exceed the sod plutomum concentmoon h u t  and theIefore were not targeted for remdal acaon 
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The 1985 sampling data corroburated earher observahons that areas ongmally CUlhVattd wth 

wheat conwed subsmaally lower concentrahons of near-surface plutomum It was also noted 

that average plutomum concentrations m the surficial sod appeared to have decreased 

signficantly between 1977 and 1985 Thls apparent decrease may have been due to plutomum 

mgraoon (see dwussion 111 Secoon 3 0) The lower values may also have resulted from (1) the 
use of Mferent laboratones ut&zmg M e m g  analy~cal techques, or, (2) the signrficantly 

larger area represented by the 1985 samples (10 acres [4 hectares] per sample) as compared to 

the 1977 samples (0 2 acres [0 08 hectares] per sample) (Appenhx D, Document D-10) 

0 

On May 28, 1986, Jefferson County requested that the remdal actlons be undertaken on then 

lands (Rockwell, 1988b) To date, the clty of Broomfield has not requested that thew lands be 
remabated 

2 2 3 Remdahon of Jefferson Countv Lands 

Sod remdation currently is underway on approxmately 250 acres (101 hectares) of Jefferson 

County lands The followmg sectlons address the scope of the remedd acawoes and the hstory 

and present status of the remdaoon 0 
2 2 3 1 Scow of Sod Remeboon 

The July, 1985 amended Settlement Agreement outhes a specfic coufse of remehal action for 

plutomum contammated lands The nature and scope of remedud actlons were developed and 

agreed upon by Rockwell Internatlonal, DOE, and CDH Recommendaaons concemg erosion 

control and revegetation were prowded by the SCS on behalf of Rockwell It should be noted 

that, due to concerns over sod stabhaaon, the SCS concluded that it would be best to leave the 

affected lands unhsturbed rather than to attempt remehation (SCS, 1985) 

The Settlement Agreement specfies the followmg remdal acQons (U S Distnct Court, 1985b)* 

Spnng ground prepmhon (plowmg and hscmg [''t~lhg''] to reduce plutomum 
concentraaons through muung and ddution) plus a summer (June) cover crop 

W n g  grass seed mto cover crop stubble 111 the fall 

Supplemental mulch 
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Tunely mgaaon d m g  the estabhshment penod 

Weed control to ensure successful estabhshment of grasses 

e 

More specifically, the Settlement Agreement r e q m s  that the remdanon shall consist of the 
followmg reme&al acnons, any of whch may be m&wd by agreement between the owner of 

the land and the RFP 

Erosion Control -- Small areas of land may be worked on all at once, but larger 
areas wdl reqm a phased approach Land shall be broken out m alternatmg 
stnps perpendtcular to the prevahng mds or, on long slopes, on the contour 
Stnp wdths shall be detemmed by a number of s i t e - s e i c  vanables, mcludmg 
sod charactensacs, slope length and gradrent, vegetaave cover, and field width 
Work on the other set of smps shall not begm untd the first set is successfully 
reestabhshed 111 grass Properly done, this wdl m z e  erosion m "normal" 
weather There shall be some standby proasions for emergency erosion control 
such as extra mulchmg and sedment-trappmg &versions, 111 the event of unusual 
weather 

Sod Pmarahon -- May is the logcal m e  for the plowmg, &sang, chsehg ,  and 
harrowmg operabons necessary to sans@ the sod muung objecnve of the remedd 
acnon plan and to prepare a seedbed for the cover crop The frequency of allage 
r e q d  depends on successful Rducbon of sod plutomum COnCentrmOnS to the 
remedy acaon level Addmons of mtrogen and phosphorous shall be made as 
necessary 

Cover C ~ D  -- The revegetanon scheme ut&zes a cover crop (forage sorghum) 
whch will be planted m June when the sod has warmed to 6O0F (16OC) 

Grass S&g -- Grass shall be dnlled mto the ground after November 1 

- Mulch -- The cover crop should leave adequate residue for sod protecaon If it 
is msufficient 111 some areas, mulch wdl be needed 

Supplemental Imganon -- Tmely UngahOn through estabhshment of the grass 
seed mur shall be used to mprove the chances for a successful plantmg 
Supplemental VngahOII may also be required d m g  estabhshment of the cover 
m P  

Smial  Condmons -- In order to prevent possible resuspension of plutomum on 
the sod surface, the rmxlng operaaon w d  be conducted only when the sod 
moisture content is greater than 15 percent and the wmd velocity is less than 15 
mph (24 km per hour) Portable au samplers wdl be operated downwmd from the 
sod mtxing OpCrahOnS dunng all phases of the program. The samples wdl be 
analyzed for plutomum and all acaanes wdl be shut down If the plutonium 
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Concentration m the u exceeds a control level of 0 02 pWcubic meter (7 4 x lo4 
Bq per cubic meter) 

Mamtenance -- Axeas that do not develop saasfactcny ground cover m a 
reasonable length of tune (two growmg seasons) would be reseeded afm an 
evaluaQon of the cmumstances by representatwes of Rockwell (now EG8zG) and 
the land owners mvolved. 

2 2 3 2 Effecaveness of the Remedy Implementatton 

Court-ordered remehal acQons taken to date on the Jefferson County remedy acreage are 

summanzed m Table 2 2 These actions are addressed m much greater deml m the remedy 

status reports prepared by the RFP under the terms of the Settlement Agreement Remedy status 
reports prepared to date are contamed m Appendm D (Documents D-10, D-11, D-13, D-14, D-15, 

and D- 16) To date, the City of Broomfield has not requested that remedtal actiwties commence 

on thev 100 acres (41 hectares) of remedy acreage 

As mdcated m Table 22,  remedy acaons have been mplemented on two plots of Jefferson 

County remedy acreage, a 20-acre (8 hectare) plot m Secaon 18, T2S, R69W (the southern area) 

and a 100-acre (41 hectare) plot m Sectton 7, T2S, R69W (the northern area) The southern and 

northern areas have been died m stnps as an erosion control measure, as shown m Figures 2-10 

and 2-1 1, respectively Alternate smps were plowed m 1986 wth the remammg stnps to follow 

upon successful revegetation The plutomum concentrations shown rn these figures represent 

post-Qllmg condmons T d h g  of these 120 acres appears to have successfully reduced sod 

plutonium concentraQons to below the 0 9 pCdg (0 03 Bq/g) O H  standad adopted by the court 

as a remedy acaon level Attempts to stabilize the all4 sods through revegetaaon have met wth 

rmxed success to date The outcome of the revegetation effort appears to result from the 

following factors (Appendm D, Documents D-15 and D-16) 

mtense Compehhon from weeds 

lnsufficlent amounts and/or seasonal dwnbuaon of precipitaaon 
extremely rocky surfaces or clayey sods 

an expandmg prame dog population 
the effects of slope on sod m o i s ~ e  
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TABLE 2.2 

MSS 199 REMEDY ACTIONS 

June 1986 WWng and subsequent seed bed preparatm of the northern Partial success, approxmately80 acres were 
area (appmumately 100 acms) in Sedm 7 s-lly ramediated and approximately 20 BQQg 

exceeded the dutonum co(~c~(ltratm standard 
July 1986 nasproutsappeared- 

Unsuccessful, plutonum concentration exceeded the 

lnlbaled applmbon of sorghum seed on the appr~xmately 80 
acres successfully remedW R Sedm 7 

second b i n g  operatkn of the appronmatety 20 acres in 
Sedm 7 where the indml elfort was unsuccessful Thls 
operabon amslsted of bUing the area three more times 

Third blling operatm ol the appronmately 20 8#88 in 

addtlonal three times and one applicalm of a Vbrashank 

I 

Sedh 7 ThlS operadm  sided Of deep pkunflg 

July 1986 

July 1986 
I""" 
Successfully remedaed 

August 1986 'Planted theaddnonal Pacres n Secbon 7 mth sorghum  seed Sorghum stopped growing in October and unlted a h  
the first frost 

October- 
November 1986 

Applied mld grass seed to the approximately 20 acres in 
Sedm 7 

Falure 

Successful, sorghum came up well June 1987 

JUIW - July 1987 

July 1987 

Renpped the qproxunately 100 acres in Sedw 7 and 
replanted sorghum seed 
P M  and npped the southern area (appmximatety 20 acres) 
in Sedm 18 

Pattd success, approxmately 15 awes we 
succedully remediated and the remaining 
appmumately 5 acres exceeded the plutonium 
concentratkn gandard 

~uccessfu~~y remediated Replowed and reripped approxbnately 5 of the 20 acres n 
Sedm 18 whlch exceeded the plulonium concentratton 
standard 

November 1987 Conducted weed control on the approximately 100 acres n the 
North Area u1 Sedum 7 lhat were remedlafed The area was 
sprayed mtt, Roundup hednude The pnmary target was 
cheatgrass 

very successful 

November 1987 1 Conducted weed control bydwng the approximately 20 acres 
of remedlafed land n the South Area n Secbon 18 

Unknown 

November * 
December 1987 

Perlormed emston control measures consistvlg of planbng 
mnter wheal and the pbcement of mulch an the surface of the 
120 acres of remedlated land in sedlon 18 

Successful, subsequent inspections revealed lltlle 
erosw)I1 was occurring 

~~ ~ 

poor to marginal sG, native grasses 
successfully establhed on only about 10 percent ol 
the area.' 

Apnl1988 Reseeded grasses on the appronmely 120 acres of 
ramdated land m SeCtKnw 7and 18 

Janwy 1991 Colected sol1 samples from both blled and untilled areas in the Analytd results pending 
Jefferson County acreage This was performed because sod 
samples cdlected n 1986 and 1987 do nd meet ament quality 

* The January 1 9 9 1  remedy report (Appenduc D, Document D-16) inchcates that a successful 
1990 groumg season s~g.Illficantly reduced the amount of m a  r e q m g  reseedmg 
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The 1990 remedy status report (Appenchx D, Document D-15) proposed specfic acnons to 
mprove the revegetahon effort, whch at the bme was eshmated to be only ten percent 
successful Between 1988 and 1990, the RFP operatmg contractor changed from Rockwell 

htemahond to EG&G, and several key personnel changes occurred w h  the EG&G group 
responsible for Implementahon of the remedy As a result, the remedy 8chOnS proposed rn the 
1990 report were not mplemented. 

e 

The January 1991 remedy status report (Appendm D, Document D-16) pmmdes the latest 

avdable assessment of the revegetaBon effort Thls report millcates that, after a successful 1990 
growng season, planted grasses have become estabhshed on apprownately 50 percent of the 

northern (SeChOn 7) acreage, si@icantly reducmg the amount of land requmg reseedmg The 

January 1991 report proposes the followng acbons to fachtate revegetanon of the remming 
acreage 

weed control 
prame dog suppression 
change of seed mture 

hngahon of the revegetated areas, whch was proposed 111 the 1990 Remedy Status Report 
(Appendlx D, Document D-15), is not bemg considered due to water quahty issues m usmg RFP 
water for lmgaaon and concerns over surface runoff transport of contarmnants from the remedy 

acreage 

Because sod samples collected from the remedy acreage m 1986 and 1987 (Table 2 2) do not 

meet current quahty assurance protocols, sod samples were collected a g m  m January 1991 from 

both nlled and unalled Jefferson County acreage to c o n f i i  the sod plutomurn concentraQons on 
these lands These samples wdl be analyzed for plutomum and ammcium, and the results 

reported as soon as they are avadable (Appenh D, Document D-16) 
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3.0 CONCEPTUAL MODEL OF CONTAMINANT FATE AND MOBILmY 

Contarmnauon of off-site surface sods near the FWP has been attnbuted pnmmly to wmd 

&spersal and depositlon of plutomum-contammated sod from the 903 Pad (Appenduc D, 

Document D-1) Uthzmg the mformaoon obmned m past stuQes (Secoon 2.1), a descnpoon 
of the potential contammation transport mechmsms at MSS 199 is presented here for use m the 

evaluauon of the potenual nsks of MSS 199 sod contarmnaaon to human health (Figure 3-1 and 
Table 3 1) 

For an exposure pathway to be considered complete it must contam the followmg components 

Contamant Source For purposes of the conceptual model, the pnmary current 
source area is the plutomum-contammated sods of MSS 199 Plutonium from 
MSS 199 could be released to au, ground water, surface water or biota Each of 
these medla can subsequently become a secondary source for further releases 

Contamxnant Release Mechmsm The po tend  release mecharusms for 
plutomum from the sod to each medla are presented. The mam mechmsms are 
resuspension mto au, surface water runoff, Qssoluoon mto water, and colloid 
formahon m water A &suncoon is made between pnmary release mecharusms 
(those mecharusms whch release contammants duectly from the source ma) and 
secondary release mechatllsms (those mechamsms whch release contarmnants 
from secondary medla contammated by the source area) 

Transport Medla Once plutomum is released it can be transported w h  
transport medla to exposure pomts The transport medla can be au, ground water, 
surface water, or biota. Behawor and fate of plutomum 111 these meha are 
mportant relauve to exposure routes and receptors The conceptual model 
idenflies both pnmary transport medla (the h a  m whch contammants exrst at 
the source area) and secondary transport medla (those meQa m whch 
contarmnants are transported away from the source area) 

Exposure Route Any pomt of potenual contact wth a contammated medlum is 
an exposure pomt. Exposure routes are detemmed a c c h g  to the medla 
contammated and the anocipated acomoes at the exposure pomts. Exposure route 
can be by mgesoon, mhdahon, or dermal contact 

I RFPaprlP9.r 

Receptor 
exposure pomts 

The receptors are the populahons exposed to contarmnants at the 
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TABLE 3.1 

CONCEPTUAL MODEL FOR M S S  199 CONTAMINATED SOILS 

Primary Release 
Mechanism Media I 

Secondary 
Release 

Mechanism 

Fugmve dust Auborne 
Settled dust-plant 
Settled dust-sod 
Settled dust-water 

Surface runoff Surface water Bionc Uptake 
Deposiaon 
Imgaaon 
InfiltrahOn 
Fugmve Dust 

Infiitraaon/ 
PercolaQon 

Groundwater Seepage 
Pumpage 
Transfer to Surface 
Water 

Bioac uptake I Biota Biodegradaaon/ 
Percolaaon 

Bioac movement Traclang by Physical Transfer I organlsms 

Exposure 
Route 

Inhalation 
Ingesuon 

Ingesnon 
Inhalaaon 

Ingesuon 

None 

Potential 
Receptors 

Residents 
Visitors 
Biota 

Visitors 
Biota 

Off-site, 
downgradrent 
residents 
dependent on 
ground 
water 

Vegetaaon 
Tenestnals 

None 
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The conceptual model provldes a contarmnant source charactenzahon and an ovemew of all the 

potenad mgrahon pathways that may result from releases from and/or mto each transport me&a 

Some of these pathways have a hgher potenhd for occurrence than others Sipficant mgrahOn 
pathways are i d e n ~ e d  by evaluatmg the fate and mobhty of the contarmnant m each potenhd 

medla that is mcluded m the conceptual model Exposure mutes and receptors, whch are also 
components of a completed exposure pathway, are addressed m sechon 4 0 

@ 

The transformaaon, transport, and fate of contarmnants m each potenhd transport medla are 

mportant m evaluaang completed exposure pathways Contarmnant fate and mobhty are 

assessed by defmng the mechmsms and magrutude of potenad mtermedm transfers and 

releases, and by analyzmg the chemcal and physical forms, stabhty, and reac~vlty of the 

contarmnants The maptude of mtermda releases depends on the physical and chemcal 
properhes of the m d a  and the contarmnants 

3 1 SOURCE AREA CHARACIERIZATION 

Although the RFP has been idenhfied as the histonc source of plutomum CO~tarmnahOn at 

MSS 199, the MSS 199 sods m considered to be the current contarmnant source for purposes 
of nsk assessment The followmg dwussions focus on sod, contarmnant, and chmatologcal 

charactenshcs whch affect contarmnant transport 

0 

3 1 1 Sod Charactensacs 

A dmussion of IHSS 199 sods is presented m sechon 2 1 4 1 The orgamc matter content of 

the surface sods vanes between 2 to 4 percent and the pH values range from 6 6 to 8 4 (neutral 

to shghtly alkalme) The vemcal permeabihty of these sods is 0 06 to 0 6 in/hr (0 15 to 

1 5  cm/hr) Runoff is generally rapid and water erosion potenhd is hgh The predorrmnant 

rmnerals of the fme sod h a o n  are montmodomhc clays with calcareous matenals (SCS, 

1980) These COndIhons may have changed on the remedy acreage as a result of court&red 
remdahon In parhcular, the followmg changes may have occurzed as a result of h h g  

a 
Increased erosion potenhal due to vegetahon loss 
Muung of sod hanzons and dstnbution of rock bgments 
Loss of plant nutnents, parhcularly mtmgen, through leachmg 
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Loss of soll structure 
Loss of orgmc matter through mcreased omdation 

It should be noted that water erosion does not appear to be a common or si@icant problem on 

undsturbed sod surfaces m and around the remedy acreage It is beheved, therefore, that 
successful revegetation of the remedy acreage wdl greatly reduce the contnbution of surface 

runoff and erosion to plutomum transport at JHSS 199 

3 1 2  Contarmnant Charactenstics 

As dscussed m Section 2 12, plutonium and its decay product, amencium, are the only 

contarmnants which have been shown to emst m MSS 199 sods above background concentrations 

(as recorded at samphg locaaons remote from the RFP) as a result of RFP releases Plutomum 

concentrations m lawsuit acreage sods have been charactenzed by numerous samphg programs 

(Appendm D, Documents D-4, D-7, D-8, D-9, D-10, and D-11) Concentrahons of a number of 

donuchdes other than plutomum, mcludmg amenaum, were measured m 1976-1977 m the 

lawsuit acreage sods (Appendut D, Documents D-4, D-5, D-7, and D-8) Although amencium 

concentrations apparently were found to exceed expected background levels (Appendm D, 

Document D-8). sufficient amencium data to perform even a quahtative nsk assessment for 

IHSS 199 axt laclang The only nonradIoachve conMrmnant known to have been measured in 

IHSS 199 soils is beryllium, whch was m e a s d  in 1971 by CDH (CDH, 1991) None of the 

avadable data for contarmnants other than plutomum meet the cntena estabhshed by EPA for 

perfomg a human health nsk assessment @PA, 199Oa, see Appendut A) For these reasons, 

plutomum is the only contarmnant considered for purposes of thn conceptual model and the 

quahtative nsk assessment (Section 4 0) Data for other potential MSS 199 contarmnants wll 

be developed dunng scheduled RFVRI actinties at the site 

@ 

There are 15 known isotopes of plutomum that decay mto other elements at drfferent rates (half- 

hves range ftom hours to 387,000 years) If water c o n m g  dssolved plutonium evaporates, 

the plutonium undergoes a senes of hydrolysis reactions, eventually passmg from the dssolved 

state to the thermodynarmcally stable sohd form of plutomum, plutonium &om& (PuOJ (Ames 

and Ra, 1978) e 
RFPaprl99 r 46 OS1791 



At the typical temperature, pH, and Eh condmons of enwonmental concern, plutonium wdl exlst 

either as PuQ or as a sohd hydro=& (Broolans, 1984) If oxygen is excluded from the soil, 

there is a possibhty that plutomum may iomze and hence become more soluble, however, 

vadose-zone sods (those above the water table) are almost exclusively omdmng The stable form 

of plutomum m the surface sods at MSS 199, therefore, is almost c e d y  PuO, When 

parhcles conmnmg PuO, are deposited on sod surfaces, they typically attach themselves by 

chemcal and physical bondmg to sod paracles, especially to clays, metal Qoxldes, and orgaxuc 

matter (CSU, 1974, Broolans, 1984) Subsequent moblllty of plutomum from these sods is 

detemed by 

@ 

The strength of thls bondmg, which is detemed largely by the clay, metal 
d~oxldes, and orgamc matter content of sods and the type and form of plutonium 

The physical and chemcal condhons present at the site, such as precipitaaon, sod 
moisture content, wmd speed, hquency, and turbulence, vegetaaon cover, pH, Eh, 
and temperature 

These factors ultnnately d e t e m e  the processes that may be responsible for mobilrzatlon of 

plutonium to other mecba or exposure pomts The processes could be either one or a combmatlon 

of the followmg 
0 

resuspension 
d I S S O h h O n / p m i p i t a h O n  
hydrolysis 
oxldaaon/reducaon 
ion exchange 
desorpaon 
colloid formaaon 
complexaaon 

3 1 3 Climatolomcal Charactensacs 

Of pmcular mportance to the fate and mob&ty of plutomum at MSS 199 are m d  and 

precipitaaon The c h t e  u1 the MSS 199 area is typified by strong, often gusty wmds The 

stronger wds blow from the west and northwest, and occur more often d m g  the wmter 

months The average annual pmxpitatlon for the area is 15 m (38 cm), of whch 40 percent falls 

d w g  the spmg Ramfall mtensity vanes from long, low-mtensity frontal storms in the fall and 
early spmg to short, mtense cloudbursts m the late spnng and summer months Snowmelt can 0 
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also generate high runoff m the area 

(DOE, 1980) IHSS 199 chmatology is discussed m more dew m Secaon 2 1 4 4  

Snowfall at the RFP averages 85 idyr (216 cm/yr) 

0 
3 2 RELEASE MECHANISMS AND TRANSPORT MEDIA 

The followmg secaons present detruled &scussions of the processes descnbed m Secaon 3 1 and 

how they affect the fate and moblllty of plutomum m an, ground water, and surface water 

3 2 1 Plutomum Fate and Moblllw m Au 

Atmosphenc resuspension of sod pmcles contarmnated wth plutomum is the pnncipal 
mtermda transfer process affectmg plutonium sod contarmnaaon Resuspension occurs as a 

result of wmd action, and is often amplified by sod &sturbance The resuspension factor is 

defmed as the raao of the an concentrahon to sod concentrahon and is expressed as per 

meter (m ') 

Resuspension factors for each known contarmnated sechon of nS, R69W are presented m 
Rockwell Intemaaonal's &sclosure to the City of Broomfield regardmg the remedy acreage 

(Appendrx D, Document D-8) These resuspension factors am 0 
Secaon 6 -- 1 5x109 m1 
Secuon 7 -- 1 Ox1O9 m1 
Secuon 18 - 1 8x109 m' 

The methodology behmd the development of these values is gwen m SCS remedy 

recommendaaons (SCS, 1985) CDH developed s d a r  values m the 1970s for quescent, 

vegetated lands m the vlcmty of the RFP A further fmdmg was that vehcular hsturbance 

would change the average values to approxmately 1x10 m (CDH, 1976) 

Once resuspended m the an, the particles can move long &stances &pendmg on wmd velocity 

and turbulence Smaller hameter pmcles vvlll be c m e d  longer &stances, therefore, the size 

of PuO,-contarmnated sod pmcles is cnucal FYevlous studies have shown that the &stnbuaon 

of plutomum by sod pmcle s z s  at the RFP was vanable, m&cahng the associaaon of PuO, 
unth sod rmneral phases of var~ous sizes (McDowell and whlcker, 1978) The respuable 

percentage of suspended plutomw-contammatcxi sod paracles in an (those wth d e t e r s  less e 
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than 10 mcrometers [pm]) has been esamated to be approxmately 20 to 40 percent (Whlcker 

et al , 1974) Because of the small setthg velociaes associated wth such paracles, they can be 

transported long &stances by wds before setthg Paracle size chmctenzaaon wll be 

conducted as part of scheduled MSS 199 RFI/RI acawaes 

3 2 2 Plutonium Fate and Mobllltv in Ground Water 

There an five oxldaaon states of plutomum (Pu) m aqueous soluaons PuO, Pu(IV), Pu(V), 

Pu(VI), and Pu(VII) However, under the oxldmng and near-neutral condmons typical of surface 
water, the Pu(IV) oxldaaon state is the most stable Pu(IV) is pracacally msoluble under these 

condaons because it readdy hydrohzes to form Pu(OH,,), and, upon loss of water, to produce the 

thermodynarmcally stable PuO, (DOE, 1991) 

PuO, is extremely msoluble m water, but can undergo h t e d  &ssoluaon m the pH range of 

enwonmental mterest. The sohd phase of PuO, is a colloidal polymer of neutral or posiave 

charge Pu(V) and PU(VI) can coexist as ions wth the Pu02 polymer (DOE, 1991) Such 

colloids can contam from 106 - 10" atoms of plutomum (Andelman and Rozzell, 1970) 

Increasmg pH tends to reduce the charge density of the polymer, and at pW9, it is expected that 
the colloids become negaavely charged, decreasmg the affhty of PuO, for sods and thus 

mmasing its moblllty m surface water The solubhty of plutomum can also be mcreased 
through complexaaon wlth h m c  acid (DOE, 1991) However, Krey and Hardy (Appendw D, 

Document D-1) found that 99 percent of the total ecosystem plutomum m the enwons of the 
RFP, denved p d y  from the 903 Pad, occurred m the top 8 3 mches (21 cm) of sod Thls 

fmdmg m&cates that plutomum mgrated a very h t e d  dutance through the sod m the twelve 
years between the fmt contammaaon from the 903 Pad (1958) and the 1970 study Thls lack 

of transport probably results from a combmaaon of factors, mcludmg atmosphenc transport to 
the sod, h t e d  precipitaaon, and the strong tendency of plutomum to adsorb to clay m the sod 

(Shade et al , 1984, Baes and Sharp, 1983) 

The mgraaon of plutomum ions m ground water is retarded due to COnMUOUS &stnbuaon of 

plutonium between sod and water phases The &stnbuhon coefficient (Kk), whch quanhfies the 

tendency to be adsorbed onto a sohd paracle relative to remning  dssolved, for plutonium is 
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lv-ld (Allard and Rydberg, 1983) The EPA (199Ob) grves a lstnbuaon coefficient of 2x103 
for plutomum Plutomum would not be expected to mgrate reacldy m ground water wth  such 

hgh  K,, values Furthermore, plutomum wdl tend to r e m  adsorbed to sohd parhcles at pH 
values between three and m e  (Roxburgh, 1987) However, it has been shown that plutomum 
bound to colloidal parhcles m ground water may be unaffected by the farces that act to retard 

plutomum ion movement through ground water systems and mgrate &stances far beyond those 

expected from I($ values alone (Penrose et al 1990) The P c m s e  et al study descnbes lssolved 

plutomum (and amenaum) from a mated aqueous effluent rmgratmg through a shallow alluwal 

aqulfer denved Erom volcamc tuff The mmeralogy of thls aqufer is not descnbed, but fine- 
gram& matenal descnbed as sdty clay may, m fact, be zeolites The plutonium source, mode 

of transport, deposiaonal mechamm, and aqulfer enwonment are potenaally very merent  than 

the surface sod enwonment at MSS 199 Indeed, the Penrose et al study cauaons agatnst 
eXtrapokiMg the results to Qsslrmlar enmnments and condmons wthout careful site-specrfic 
study The verhcal lsmbuaon of plutomum m MSS 199 sods and, rf appropnate, the MSS 199 

ground water enwonment wdl be studled dunng scheduled RFI/RI acavlaes at the site 

0 

0 3 2 3 Plutomum Fate and Mobilitv m Surface Water 
The fate, transport, and human health nsk asma ted  wth plutomum m dmnage and reservou 

sdments  m the wcmty of the RFP have been evaluated and &scussed W E ,  1990) This 

document provides an evaluaaon of the potenaal transport and exposure pathways associated with 

the potenaal surface water runoff and sod erosion mechmsms &scussed below 

Sod erosion by water may transport contammated sods to surface waters (creeks, nvers, 

reservous) Combmed surface water and wmd erosion of sods at MSS 199 is estmated by the 

SCS at 93 to 143 tons per a m  per year (209-321 memc tons per hectare per year) for bare 

unvegetated sods and 1 to 3 tons per acre per year (2 2-6 7 memc tons per hectare per year) for 

vegetated areas (SCS, 1985) These figures mhcate that revegetaaon wdl si@icantly decrease 
surface water erosion Because plutomum adsorbs to parhculate matter, its moblllty m surface 

water depends upon the amount of suspended sohds ~tl the water However, dssolved orgmcs, 

carbonates, or other complexmg agents m the water can form complexes wth  plutomum and 

mcrease its solubhty As a result, plutomum may stay m the dmolved phase m surface waters 
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When movmg water becomes stagnant, plutomum attached to paracles settles out as bottom 

sedunents It has been shown that clay-nch sedments, such as those m mpoundments near the 

RFP, have an extremely hgh  a f f i t y  for plutomum m an aquaac system (CSU, 1974) As a 
result, the bottom sedunents d m o b h z e  plutonium considerably However, hgh  chssolved 
orgamc carbon, carbonate, flumde, chlmde, or mtrate concentraaons along wth  a hgh  
percolaaon rate may leach some of the plutomum m bottom sedunents downward toward the 

water table There is no evldence, however, that th~s pmcess is o c c m g  m reservous near the 

RFP The concentrahons of plutomum mstead decrease to background levels at a depth of 8 to 

12 m (20 to 30 cm) m the reservoE sedlment columns (Rockwell, 1984, Rockwell, 1985a) 

It has been demonstrated that density stratrficaaon of lake waters m summer months results m 
a reducing enwonment m deeper water The chstnbuaon coefficient of plutomum in reducmg 

waters is threefold to tenfold lower than m oxrdmng COndltIOnS As a result, the mobihty of 
plutomum WIU mcrease somewhat. However, the I& values for these waters are sall very hgh 
(ANL, 1986) 

@ Resuspension of plutomum from bottom sedunents is also possible by organums that dsturb the 
sedments The resuspended plutomum wll eventually settle back out and agam become part of 

the sedment. 

3 3 PLUTONIUM MIGRATION PATHWAY SUMMARY 

Plutonium at MSS 199 most Uely exlsts m the thermodynarmcally stable solid state, PuO, 

(Secaon 3 1 2) Consideraaon of potenaal surface water and ground water rmgraaon pathways 

must take mto account exlSMg post-deposiaond charactenzaaon of the contarmnaaon The 1970 

Krey and Hardy mvesngaaon (Appenduc D, Document D-1) detemned that after twelve years 

of potenaal transport, 99 percent of the total amount of plutomum m the sods was contamed m 
the top 8 3 m (21 cm) of sods around the RFP, and, furthermore, that half of the total plutomum 
remmed m the top 1 2  m (3 cm) 

These factors have unportant MphCatIOnS regaxhg the potenhd surface water and ground water 
rmgraaon pathways at IHSS 199 If surface water was an effecave plutomum transport 
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mechanism, half of the plutomum would not be expected to r e m  w i b  the top 1 2 rn (3 cm) 

of sod over a penod of twelve years Plutomum would have been effecavely removed from the 

land surface through erosion or would have infiltrated deeper into the sods 
0 

InfiltrahOn toward the ground water system also does not appear to be a plausible mIgrahOn 
pathway for plutonium at IHSS 199 If mfidtratmg ground water was an effectwe plutomum 

transport mechmsm, the plutomum would be expected either to have a more umform depth 
dstnbuaon wthm the unsaturated surface matenals, or to be present in hgher concentraaons at 
depth than at the surface 

The observed Qstnbuaon of plutomum m IHSS 199 sods strongly suggests that neither surface 
water nor ground water axe h l y  pathways for plutomum mgraaon at the site Research and 

mvesagaaons mto plutomum mobhty at other locaaons have demonstrated that lack of plutomum 

transport through unsaturated porous m d a  is the rule rather than the excepaon (Andelman and 

Rozzell, 1970, Bmluns, 1984, KM et al, 1984, Shade et al, 1984, Sdva et al, 1979, Staley 

et al , 1979) The reasons for h s  lack of mobbty appear to be the extremely low solubbty of 

plutonium and the strength unth whch plutomum is adsorbed to f i n e - w e d  parhcles 111 the 
unsaturated porous medra 

0 
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4.0 PRELIMINARY HUMAN HEALTH RISK ASSESSMENT 

Secaon 300 430(d) of the NCP (Federal Repster March 8,1990, pg 8709) states that as part of 
e 

the remdal mvesagaaon, a baselme nsk assessment (BRA) is to be conducted to deterrmne 
whether the contarmnants of concern identlfied at the site pose a cumnt or potenaal nsk to 

human health and the enmnment m the absence of remedml acbon Table 5 of the IAG 

Statement of Work modlfies thls objecave for the OU 3 preluIllnary reports by h a n g  the nsk 
assessment to human health concerns based on a no further achOn dternahve A complete 

quanataave nsk assessment wdl be performed under the scheduled OU 3 RFIjRI The follomg 

discusses the general aspects of a BRA, and the speclfic Werences of this prelmnary 

assessment. 

4 1 BASIS AND PURPOSE OF THE BRA AND THE PRELIMINARY HUMAN HEALTH 

RISK ASSESSMENT 
The major objecave of a BRA 1s to idennfy and deke  (quanw) potenhd human health nsks 
and envmnmental impacts associated wth exposure to the consatuents present in the vanous 

enwonmental site medm The assessment is not intended to e s m t e  the true nsks to whch 

human or enwonmental populaaons wdl be subject, rather it presents upper bound esttmates of 

these nsks to be used m the remdal decision-malang process The true nsks axe hkely to be 

much lower than thew upper bound values It is used as mput mto the feasibfity study (FS) to 

focus on the most appropnate remdes (lf any), whch reduce idenhkd nsks (lf any) to 

acceptable levels The BRA essenaally estabhshes the site basehe condmons from whch a 

selecaon of the most appropnate type and extent of correcave acaons (lf any are needed) can be 

made 

e 

4 1 1 BRA Obiecaves 

In general, the major objechve of the BRA is attamed by idenUfymg and charactenmg the 

followlng 

Toxlcity and quanhty of hazardous substances present m each medla of concern 

Enwonmental fate and transport mechmsms wthm specfic enwonmental m d a ,  
such as physical, chemcal, and biologcal degradaaon processes 
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Hydrogeologml, =borne, surface water, and biota evaluatlon and assessment 

Potenaal exposure pathways and extent of actual or expected exposure 

Populaaon at nsk 

Extent of expected harm and the hkelrhood of such harm occumng 

Acceptable levels of exposure based on regulatory and toxlcologml mformaaon 

Companson of conccntraaons present wth Apphcable or Relevant and Appropnate 
Reqmments (ARARs) 

Development of a site-speafk model that wdl prow& a calculaaon of nsk, gven 
site-specific parameters 

At most fachaes the pnnciple data source document for conductmg the BRA is the RFI report 

or the RI report These mclude general site charactenzaaon mformanon, chemcal analyacal 

mformabon, and a detarled descnpaon of the hydrogeologml regune and pdcaons of 

groundwater flow and contamtnant transport mechmsms The charactenzaaon of site-speclfic 

parameters such as aubome contarmnant concentraaons, types and dlstnbuaon of biota, 

occurrence of surface water, and sod contarmnant concentraaons are also perfonned dunng this 

RFVRI The BRA presents the data collected d m g  these mvesagaaons m the context of 
potenaal human and enmnmental exposure and focuses on the most tome of the site 

contarmnants The human health aspects of the BRA uses the data and the charactenzaaon of 

the site and contarmnant dlstnbuaon patterns for all enwonmental medn by remterpretmg them 

m the context of potenaally complete exposure pathways leadmg to human receptors, wth one 

added dunension, namely focusmg on the toxlc consatuents The followmg dlscussions focus 

on the human health aspects of a nsk assessment 

Once all potenad exposure pathways have been evaluated the carcmogemc nsks from each are 
summed to produce a total nsk posed to humans from the c o n w a n t s  located on-site Thls 

value is then compared to the EPA target carcmogemc nsk range of 10-4 to lo4 The EPA does 

not requm the complete e h a a o n  of nsk or of all known or anacipated adverse effects, rather 

it does reqm protecaon of human health and the enwonment Appendlces B and C of h s  

report prow& addmonal mfarmataon concemg the concepts of nsk 
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In 40 CFR Secaon 300430(3)(2)(i)(A)(2) the EPA states that "For known or suspected 

carcmogens, acceptable exposure levels are generally concentraaon levels that represent an excess 
upper-bound Metune cancer nsk to an mhwdual of betwem lo4 and 106, usmg mformauon on 
the relaaonshp between dose and response 'I Furthermore, the EPA has stated m this secaon that 
the lo6 nsk level shall be used as the pomt of departure for deterrmnmg remehaaon goals for 
alternauves when ARARs are not avdable or are not sufficiently protecave because of the 

presence of multiple contarmnants at a site or mulaple pathways of exposure, however, this loa 

cumulaave nsk level is to be used only as a s m g  pomt, and does not reflect a presumpuon 

that the fmal decision on remechal acaon should attarn such a nsk level It is possible that gven 

site-speclflc parameters, a calculaaon that results m a cumulaave total nsk level of lo4 to the 

pubhc could sall be pmtecave of human health, thus ehmmaang the need for remdal  acuon 

4 1 2  Oualitaave h s k  Assessment Obiecaves 

Unfortunately, a quanataave BRA cannot be performed usmg exishng MSS 199 data Appendlx 

A of this document presents the data useabhty rewew for the purposes of a quanataave nsk 

assessment of exlsung documents and concludes that the avadable data are not adequate to 

perform a defensible quanataave nsk assessment A quantltatlve nsk assessment wdl, however, 

be performed based on EPA gudance @PA, 1989) as part of the remdal mvesagahon report 
0 

Smce a quanataave human health nsk assessment cannot be perfmed wth exlstmg data, a 
qualitaave human health nsk assessment for IHSS 199 is presented m h s  secaon The 

objecaves of h s  quahtaave assessment are to idenafy all potenaal exposure pathways whch wdl 

be evaluated m the IHSS 199 RFI/RI, to dlscuss the relaave sigmficance of each pathway usmg 

exlsang mformaaon to make quahtaave judgments, and to idenafy addmond mformaaon needed 

to perform a quanutatwe assessment. The quahtaave assessment uses the exlstmg mfoxmaaon 
to make judgments concemmg the potenaal exposure pathways and to idenufy the plausible 

exposure pathways and quahtaave nsks whch are apphcable to the followmg scenanos 

No further acaon for current land use scenano 
Implementahon of the remedy (workers and the pubhc) for current land use scenano 
Post remedy for current and future land use scenanos 
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These judgments are not used, however, to e h a t e  potenad exposure pathways from evaluabon 

The quairtaave nsk evaluaaon for the no further acaon alternaave and the remedy 

mplementaaon alternaave are based on the current land use (recreation 1s assumed) condmon 

In order to prowde some estimate of whether there is any mmment threat to human health, a 
hypothetlcal nsk assessment has been promded that uses genenc exposwe pathway assumpaons 

based on a future residenaal land use Thls hypothetlcal nsk assessment does have htaaons  

m that only plutomum is assessed. Thu assessment is prowckd m Appendut C, and mcludes 

dscussions of the relaave ddference m nsk based on plutomum concentraaons m sod of 1 pCdg, 

10 pC&, and 100 pWg The reader may compare the calculaaons for each pathway to assess 
If there is agxeement between the quairtaave deScnptlOn of nsk from each pathway wth the nsk 
calculated for that pathway m Appendur C 

Due to the mherent uncertamty of a quahtattve nsk assessment, it is not possible rn thls 
assessment to accurately compare the relatlve nsks of the no acaon, remedy mplementaaon, and 

post remedy scenanos Only the relatlve Mferences m the sigruficance of vanous pathways can 

be dmussed. The medla speclfic pathways, routes of uptake, and potenad human receptors are 
the same for all  three scenanos, however, the concentraaon of plutomum (source term) vvlll 

decrease for the mplementaaon and post remedy condlaon 

@ 

Data rewewed (see Sectton 60  for a hst of references) mdxate that plutomum is the only 

contarmnant at MSS 199 that has been charactenzed and whch can be attnbuted to RFP 

hlstoncal releases Only very h t e d  data are avadable for other donuchdes potenaally present 

at IHSS 199 as a result of RFP releases, such as amencium-241 If amencium does occur at 

MSS 199, it would lrkely exlst m small quanaaes compared to plutomum. Thls statement is 

based on the plutomum/maum ratlo m the weapons &rade matenals handled at RFP. 
Table 4 1 hsts the isotopic composibon of RFP plutomum The meal hlstonc 

plutomudamencium raao was 15 1 As a result of the nxhoacave decay of plutomum-241 and 

subsequent m growth of anmx~cium-241, it is llkely that the current rah0 is closer to 5 1 (DOE, 

1988) Smce amencium produces almost m c e  the mternal dose as plutomum (ICRP, 1979), 
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TABLE 4.1 

ISOTOPIC COMPOSITION OF ROCKY FLATS PLUTONIUM 

Source Rockwell, 1985b 

0 ' Relatlve acavlty is obwed by mulaplymg the percent by weight by the speclfic acavlty 

Total acavlty for the plutomum isotopes is 

Alpha 0 0732 cunes/gram 
Alpha plus Beta 0 446 cmedgram 

Am-241 daughter from b a y  of PU-241 
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deterrmnaaon of its maptude and extent must be accomphshed m order to conduct a 

quanatatlve nsk assessment. Because very few amencium measurements are avdable for 

I 

I MSS 199, its contnbuaon to th~s quahtanve assessment cannot be addxessed. An exammanon 
of the possible nsk that ammaum presents relame to the nsk of plutomum has been performed. 
Smce the current land use Scenano mdcates that the mhalaaon pathway is the most sipficant, 

the followmg statements can be made 

The cancer slope factor for mhalahon of plutomum-239 and amencium-241 is sumlar 
(4 1x108 vs 4 ox1cr8) 

Based on conservauve assumptlons amencium-241 can be present at an upper bound 
aChWty of 20 percent of the current acnwty of plutomum-239. 

Therefore the mclusion of amencium-241 would only add an addmonal20 percent nsk to the 

current use scenano Smce the exposure pathways for the potennal contammants of concern are 

s d a r  and sigrufkantly more data would be needed to quantmtively assess the nsks associated 

wth these contarmnants, only plutomum vvlll be addressed specifically III th~s quhtaave nsk 
assessment and m the genenc nsk assessment (Appendm C) Smce a future use scenano could 

mclude residenod exposure, it is unportant to charactenze potennal pathways that may transport 

amencium-241 to human rectptors A more comprehensive determmatlon of al l  contarmnants 

of concern wdl be performed dunng the scheduled RFI/RI actlwues 

0 

4 2 OUALITATIVE ASSESSMENT CONCEPTUAL APPROACH 

Smce the pnmary hstonc source of plutomum contammanon to MSS 199 has been mngated 

by pamng of the 903 Pad, &IS assessment is based on the assumpaon that the plutomum present 

at IHSS 199 represents the hghest possible concentranon that wdl be avalable for human 

receptor mpact. Concentraaons m the sod wdl be reduced over tlme by either natural processes 

(sod erosion, vemcal downward rmgraoon, fugmve dust), or remechal X h O n  (allmg and 

revegetauon) for the remedy mplementaaon and post-remedy scenanos 

Thls quahtanve nsk assessment uses hazard ranlungs (Secnons 4 5 3 and 4 7 1) mstead of 

plutonium concentranon values, transport equanons and receptor dose calculanons to make 
judgments concemng relaave maptude of speclfic medla occurrence, release probabhnes, 
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potenaal routes of uptake and the ulamate lmpact on a human receptor Since the potenaal 

pathways are the same for pre-remedy Implementation, and post-remedy, the quahtanve nsk 

charactenzahon is developed only for the no-actlon c m n t  use (Open Space) condItlon, but is 
apphcable to a l l  three As d~scussed, a genenc quantltatlve nsk assessment is also mcluded m 

Appendut C, so that the rclatlve maptude of the quahtaave hazard ranlang can be compared 
wth the numencal maptude of the exposure pathway analysis provlded m Appendnc C The 

relaave Merence m nsk between these three CondIhOns wdl be detemed when the quanhtatlve 

nsk assessment is conducted. 

The EPA hsk Assessment Gwdance (RAG) document idenflies the followmg four elements for 

a completed exposure pathway @PA, 1989) 

A source and mechmsm of chemcal release to the enwonment 

An enwonmental transport mechum for the released chemcal (au, ground water, etc ) 

A pomt of potentlal human or biota contact wth the contammated mechurn (exposure 
Pomt) 

A mode of uptake at the exposure pomt (mgestlon, mhalatlon, or dermal contact) 0 
If any of these elements are absent, there is no resultant human exposure and consequently no 

nsk For the purposes of thls assessment, the terms exposure pathway and completed exposure 

pathway will be used only when all four of these elements are present. 

The quahtatlve nsk assessment wdl be developed as follows 

Toxlcitv Assessment (Sectlon 4 3) 

The human health nsks associated wth mhatlon exposure are bnefly descnbed, wth 

emphasis on exposure to plutomum A more ngorous toxicity assessment will be 

performed as part of scheduled FUWU aCtlvltleS once adequate site-specfic data have 

been collected. 
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Source Term (Secnon 4 4) 

The source term descnbes the amount and dsmbunon of contarmnant (plutomum) found 

in the enwonment. For IHSS 199, the source tern corresponds to plutonium 

concentrations m sod The concentration and depth profile of plutomum in the sod affect 
the mgmtude of any release mto other medm 

Ex~osure Pathways (SeChOn 4 5) 

Potenad exposure pathways for IHSS 199 are idenWied based on exlsbng data The 

relanve mportance of any mdmdual potennal exposure pathway is then assessed by 

estmatmg the maptude of potennd exposure, the frequency and duranon of these 

exposures, and the mda-speclfic pathways by whch humans m potenttally exposed 

The maptudes of potennal exposures are based upon the sod contarmnaaon being a 

contammatton source for other meda Mda-speclfic pathways for both the current and 

future land use condmons (see Secnon 2 2 1) are quahtatively assessed m this secQon for 

thew relaave mponance to exposure routes leadmg to human uptake 

Ex~osure Routes (Mode of UDtake) (Secnon 4 6) 
The vanous routes of plutomum uptake by humans and other orgamsms mportant to 
human exposure are idenafied and ranked by relanve mportance to the nsk assessment 
The risks associated wth potennal pomts of human contact are qualitanvely assessed 

based on all idenflied exposure pathways A descnptton of the behawor of plutonium 

in biolog~cal systems is mcluded 111 thls SeChOn Exposure routes for both the c m n t  and 

f u m  land use COndIhOn are quahtanvely assessed m thu secnon for thew relanve 

importance to the nsk charactenzanon 

Risk charactenzanon (Secnon 4 7) 

The elements developed m precedmg secnons are combmed rnto a site-speclfic nsk 
charactenzanon, whch evaluates the concentranon of plutomum 111 each m d a ,  its 

Ilkelhood for transport to other maha, and its Whhood to mpact a human receptor 

based on current land use condmons All potenhal exposure pathways are systematically 

exarmned, and those whch do not meet the cntena of a completed pathway based on 
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current and future land use condlaons are elmmated from the nsk assessment In 

addmon, a nsk charactenzaaon is presented that quahtaavely assesses the potenaal hazard 

to workers and the pubhc dunng rem&al acaon, as well as the nsk posed by post- 

remedy concentraaons of plummum-239 

4 3 TOXICITY ASSESSMENT 

The purpose of a toxlcity assessment is to weigh avadable emdence regdng the potenaal for 
pmcular contarmnants to cause adverse effects m exposed mdlmduals and to promde, where 

possible, an esamate of the relaaonshp between the extent of exposure to a contarmnant and the 

mcreased hkehhood and/or seventy of adverse effects A tomcity assessment is rather 

s m g h t f o r w d  for donuchdes, smce the type of effects and the hkehhod of occurrence of 

any one of the number of possible adverse effects from d a t i o n  exposure depends on the 

d a a o n  dose The followmg promdes a bnef summary of human and expenmental d data 

that estabhshes the basic hazards of d a a o n  exposure A m m  ngorous toxlcity assessment unll 
be performed dunng the quanataave nsk assessment, when addmonal site charactenzaaon data 

are avadable 

4 3 1 Hazard Idennfkaaon 

The foundaaon of any nsk assessment is that two condlaons must be met for a nsk to be present 

1) a hazard (presence of a tomc substance at a concentraaon where exposure can result m a 

toxlcologcally signlficant dose) must be present, and, 2) exposure (of a receptor) to that hazard 

must occur If either factor is absent, the hazard or the exposure, there is no nsk In smple 

mathemaacal terms, the nsk is equal to the potency (a measure of the hazard) tunes the effecave 

dose (a measure of the exposure) 

Hazards assocrated wth chermcals are descnbed toxlcologmlly m terms of exposure mode and 

duraaon Modes of enmnmental exposure are charactenzed as mhalaaon, mgesaon, and dmct 

contact (dermal absorpaon) 

In addmon to these exposue categmes, health effects are dlmded mto two mam categmes 

health consequences that may occur at any exposure level greater than zero (carcmogemcity), and 
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health effects whch wdl not be ehcited unless the consatuent concentranon is above some 

threshold level (non-carcmogens) For thls site it is assumed that the concentraaons present wll 

pose a p o t e n d  of only a carcmogemc hazard to the pubhc, and may be used as the sole basis 
for assessmg the d a a o n  related to human health nsk at thls site @PA, 1989) 

~ 

form of parucles or elecmmagneac waves 

Because cmogenic effects are beheved to be maatcd at the molecular level, current regulatory 

pohcy is based on the concept that there is no fmte dose or threshold below whch carcmogens 

do not exert a potenaal effect, In the case of chemcals exhlbitmg non-carcmogemc effects, it 

is beheved that orgamsms have protecnve mechmsms that must be overcome before the toxlc 

endpoint is mamfested 

In determmng health nsks asmated with chromc exposure to toxlc matenals, two categones 

based on the nature of the health consequences exlst. For all health effects associated wth 

chronic exposure to non-carcmogemc toxlc matenals there is some threshold concentranon below 

whch the mpact wdl not occw, however, there is no threshold concentranon for carcmogemc 

toxic constituents Matenals that are carcmogenic may also mduce other health effects whch 

occur at a lower concentrahon e 
In order to evaluate the potenaal nsks posed by plutomum, it is mportant to understand the 

toxlcity hazards of radlaaon for Mferent exposure routes Radmaon is defined as the transfer 

of energy from one place to another Heat, sound, and hght are radlaaon but do not carry 

enough energy to break the atomc bonds of molecules, however, iomzmg racjlaaon, when 

mteracnng wth matter, has sufficlent energy to break the atomc bonds of molecules, and 

produce (emt) an ejected electron and a posiavely charged ion Iommg radlaaon may be m the 

The pnncipal adverse biologcal effects associated with iommg &ahon exposures from 

radloacnve substances m the enmnment are carcmogematy, mutagemcity, and teratogemcity 

Carcmogemcity is the ablltty to produce cancer Mutagemclty is the property of bemg able to 

mduce geneac mutaaon, whch may be m the nucleus of either soma~c (body) or germ 

(reproductwe) cells Mutaaons m gem cells lead to geneac or lnhented defects Teratogemcity 0 
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refers to the ability of an agent to mduce or mcrease the mcidence of congenital malformanons 

as a result of permanent structural or fUnChOnd dewahons produced d m g  the growth and 

development of an embryo (more commonly referred to as buth defects) RadIahOn may induce 

other deletenous effects at acute doses above about 100 rem, but doses of th~s magnitude are not 

normally associated wth Moactwe contammation m the enwonment. 

0 

Iomzmg IWiIahOII causes mj~ry by breakmg molccules mto electrically charged fragments 

(1 e ,  free Mcals), thereby produmg chermcal rearrangements that may lead to permanent 

cellular damage The degree of biologcal damage caused by vanous types of radmhOn vanes 

accordmg to how Spahay close together the ioNz,ahons occur Iomzmg radmhons from 

plutomum (e g , alpha parhcles) produces h g h  density regons Of iOIllZahOn For th~s reason, they 

are called hgh-LET @near energy transfer) parhcles Other types of &ahon (e g ,  x-rays, 

gamma rays, and beta parhcles) are called low-LET I-aciIahOnS because of the low density pattern 

of ionizahon they produce In equal doses, the carcmogemcity and mutagemcity of hgh-LET 

radIahons may be an order of maptude or more greater than those of low-LET dahons,  

dependmg on the endpomt bemg evaluated The vanabhty m biologcal effechveness is 

accounted for by the quahty factor used to calculate the dose equvalent This vanabhty has 
been accounted for m the genenc nsk assessment developed m Appendut C 

I 

I 

0 

4 3 2 Carcinogenesis 

An extensive body of hteram eusts on d a a o n  carcmogenesis m man and ammals Thts 

hterature has been rewewed most recently by the Umted Nahons Scient& Commrttee on the 

Effects of Atormc Rdahon (UNSCEAR) and the Nahonal Academy of Sciences Adwsory 

Comrmttee on the Biologcal Effects of Ionlwng RadIahons (NAS-BEIR Comrmttee) (UNSCEAR, 

1977, 1982, 1988, NAS, 1972, 1980, 1988) Eshmates of the average nsk of fatal cancer from 

low-LET d a h o n  from these studies range from approximately 0 007 to 0 07 fatal cancers per 

100 rem 

An mcrease m cancer mcidence or m h t y  wth mcreaslng &ahon dose has been 

demonstrated for many types of cancer m both human popdahons and laboratory d s  
(UNSCEAR, 1982, 1988, NAS, 1980,1988) Studes of humans exposed to mtemal or external 
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sources of iomzing radtahon have shown that the mcidence of cancer mcreases with mcreased 

radtahon exposure This mcreased mcidence, however, is usually associated wth appreciably 

greater doses and exposure frequencies than those encountered m the enwonment Therefore, 
nsk esumates from small doses obtiuned over long penods of hme are detemmed by 

extrapolatmg the effects observed at hgh,  acute doses Mahgnant tumors m vanous organs most 

often appear long after the radtaaon exposure, usually 10 to 35 years later (NAS, 1980, 1988; 

UNSCEAR, 1982, 1988) Rdonuchde metabohsm can result m the selectwe deposmon of 

c e m  rdonuchdes m specific organs or hSSUeS, whch, m turn, can result m larger radlahon 

doses and hgher-than-normal cancer nsk m these organs 

@ 

Ionmng rdahon can be considered pancamnogem, i e ,  it acts as a complete carcmogen m that 

it serves as both lIllhatoT and promoter, and it can mduce cancers m nearly any hssue or organ 

Radtahon-mduced cancers m humans have been reported m the thyroid, female breast, lung, bone 

marrow (leukema), stomach, hver, large mtestme, b m ,  sahvary glands, bone, esophagus, small 

mtestme, m a r y  bladder, pancreas, rectum, lymphaac tmsues, skm, pharynx, uterus, ovary, 

mucosa of cramal smuses, and hdney (UNSCEAR, 1977,1982,1988, NAS, 1972,1980,1988) 

These data are taken pnmanly from studles of human populabons exposed to hgh levels of 

radlahon, mcludmg atomc bomb smvors, underground m e n ,  ra&um &al psunters, paoents 

mjected wth thorostat or dum, and paaents who received h g h  x-ray doses d m g  vanous 

treatment pmgrams Extrapolahon of these data to the much lower doses that the pubhc would 

be exposed to at MSS 199 is the major source of uncemnty m determmng low-level rdat30n 

nsks (EPA, 1989) It is assumed that no lower threshold exlsts for rdahon carcinogenesis 

On average, approxmately 50 percent of all of the cancers mduced by d a a o n  are lethal The 

fiachon of fatal cancers is Werent for each type of cancer, rangmg €tom about 10 percent m the 

case of thyroid cancer to 100 percent m the case of hver cancer (NAS, 1980, 1988) Females 

have approxmately two hmes as many total cancers as fatal cancers followmg rdahon exposure, 

and males have approxlmately 1 5 tunes as many (NAS, 1980) 

Cancer slope factors (CSF) for the lngeShOn and mhalaQon of radlonucbdes are presented m 
Table B 1 of Appenduc B CSFs are estmated wth mathemahcd extrapolahon models, whch 
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extrapolate the effects (cancer mducaon) seen at high doses to potenaal effects at low doses The 
CSFs for radtonuchdes are considered "best esamates" whde slope factors for chermcals are 

computed at the 95% confidence level Thls method for detemmng nsk wdl be used for any 

sigmfkant exposwe to a radtonuclde The acceptable cancer nsk range is 1x104 to 1x106 as 

specified m 40 CFX 300 Subpart E 

0 

4 3 3 Mutagenesis 

Very few quanataave data are avdable on radrogemc mutaaons in humans, pamcularly from 

low-dose exposures Some mutaaons m so rmld they are not noaceable, while other mutageruc 

effects that do occur are sumlar to nonmutagemc effects and are therefore not necessanly 

recorded as mutaaons The bulk of data supporang the mutagemc character of iomzmg rdaaon 

comes from extensive studtes of expenmental d (UNSCEAR, 1977, 1982, 1988, NAS, 

1972, 1980, 1988) These studtes have demonstrated a l l  forms of mhaaon mutagenesis, 

mcludtng lethal mutaaons, translocaaons, mversions, nondtsjuncaon, and pomt mutaaons 

Mutaaon rates calculated from these studtes are extrapolated to humans and form the basis for 

esamaang the geneac mpact of iommg radtaaon on humans (NAS, 1980, 1988, UNSCEAR, 

1982, 1988) The vast majority of the demonstrated mutahons m human germ cells contnbute 
to both mcreased m o d t y  and dlness (NAS, 1980, UNSCEAR, 1982) Moreover, the racbaaon 

protectlon commu~llty is generally m agreement that the probabhty of mducmg geneac changes 

mcreases hearly wth dose and that no "threshold" dose is n q u v e d  to maate hentable damage 

to germ cells 

e 

The incidence of senous geneac Qsease due to mutaaons and chromosome aberraaons mduced 

by radraaon is referred to as geneac detnment Senous geneac dtsease includes inhented dl 

health, handtcaps, or Qsabhaes Geneac Qsease may be manfiest at b m h  or may not become 

evldent untd some time rn adulthood. Radlaaon-mduced geneac detnment mcludes mpalrment 

of Me, shortened Me span, and mcreased hospitalizaaon The frequency of &anon-mduced 

geneac unpaument is relahvely small m companson wth the maptude of detnment associated 

wth spontaneously ansmg geneac dtseases (UNSCEAR, 1982, 1988) 
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4 3 4 Teratogenesis 

Rdatlon is a well-known teratogemc agent The developmg fetus is much more sensiave to 

mhaaon than the mother The age of the fetus at the ame of exposure is the most nnportant 
factor in detemmng the extent and type of damage from mhaaon The malformaaons produced 

m the embryo depend on whch cells, assues, or organs in the fetus are most acavely 

Mferenaaung at the tune of mhaaon exposure Embryos are relaavely resistant to radaaon- 

mduced teratogemc effects dumg the later stages of thew development and are most sensiave 

from just after mplantaaon unal the end of organogenesis (about two weeks to eight weeks after 

concepaon) (UNSCEAR, 1986, Brent, 1980) The bram appears to be most sensiave dunng 

development of the neuroblast (these cells eventually become the nerve cells) The greatest nsk 
of bmn damage for the human fetus occurs at 8 to 15 weeks, whch is the time the nervous 

system is undergomg the most rapid Merenaaaon 

0 

4 3 5  summary 

In general, there are two dstmct human hazards presented by d a a o n ,  those of external and 

mternal radraaon exposure External rdatlon exposure is due mamly to gamma ray emssions 

from mhoacave decay Although plutomum and amenaum do produce x- and gamma rays, they 

are very weak and only compnse a small percentage of the total energy emtted. Therefore, this 

nsk assessment does not consider external rdaaon exposure as a hazard from MSS 199 

Plutomum does, however, present an mternal mhaaon hazard, pnmanly from lnhalaaon The 

mhalatlon of plutomum or amerrclum can lead to the deposiaon and retenaon of mboacawty rn 

the lung, and produce COnMd, lochzed mternal &anon of lung and other body assues for 

extended penods of ame 

@ 

The followmg summarizes the important properaes of plutomum 

Physical half-Me 2 44x10' years 
Sources used m nuclear weapons 
Principal modes and energes of decay, m d i o n  electron volts (MeV) 
(11%) 5 13 (17%) 5 15 (73%) 

alpha 5 06 

S p a l  chemcal charactensacs member of the acmde senes of rare-earth elements 
Forms lnsoluble fluonde, hydromdes, and omdes O ~ ~ & z e s  rapidly on exposure to an to 
form plutonium d~oxlde (PuOJ 
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Cnhcal Organs bone (soluble), hver 

Atomc number 94 
Physical form sdvery-wlute metal 
Melang pomt 680°C 

Plutomum is pnmanly an alpha parhcle emmer An alpha parhcle is essenaally a hehum nucleus 
wthout orbital electrons It is composed of two protons and two neutrons wth a charge of plus 
two Smce these alpha parhcles have a relahvely large mass and +2 charge, they react strongly 

wth  matter, and create a large amount of iomzaaon m a very short &stance However, even 
alpha paracles wth the lugh h e m  energles of plutomum travel only about 1 6 mches (4 cm) 
m a ~ ,  and can be stopped by a piece of paper, or the outermost layer of &ad slun Alpha 

parhcles therefore do not present an external exposue hazard. These same propemes do however 

produce much more cellular damage than an eqwvalent amount of gamma energy, If both alpha 

and gamma are mternally deposited. The range of penetrabon of a plutomum alpha parhcle m 
hssue is approxmately 100 um (3 %lo3 m), m&caang that an alpha parhcle retamed m the body 

wdl deposit 100 percent of its iommg radmon to l o c h e d  hssue The concepts developed 111 

h s  sechon descnbe the vanous ways plutomum can enter the body (exposure routes), and the 

relahve nsk of each mode of uptake For the purposes of this quahtaave nsk assessment it is 

assumed that the msoluble form of plutomum, plutomum &om& (Pu(r3, wdl be the predomant 

rdonuchde avdable for biologcal uptake This assumphon is based on a vanety of stuhes 

(Eisenbud, 1987, Bar, 1973, McClellan, 1972, Romney, 1972) that rn&cate plutonium wdl 

om&ze m an enwonmental settmg and thus form msoluble compounds The calculahons 

performed m Appendut C, however, use the conservaave EPA HEAST values that correspond 

to a more soluble form of plummum (plutomum mtrate) Charactenzahon of the actual solubllity 

form of plutomum wdl be accomphshed dunng the RI 

0 

4 4  SOURCETERM 

The miad step of this assessment mvolves data evaluahon of the source term at the remedtal 

acreage at IHSS 199 For purposes of this nsk assessment, the potenhd source term is taken as 

the plutomum-contammated surface sods of the remedy acreage fistoncal rad~ologcal site data 

relevant to a human health evaluaaon were collected from DOE and CDH sources (Appenduc D) 

These data were evaluated for the concentrahon of plutonium present in all m d a  me accuracy 0 
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I 
wth which the source term is charactemzed is the pnmary detemnant of the ulamate validtty 

@ of a nsk assessment 

An exammahon of the avculable data for MSS 199 has been performed and is presented m 
Appendm A The exmahon mdtcates that sod samphg has not occurred throughout IHSS 199 

and that, m some cases, the quanataaon h t s  and detecoon h t s  for analyses whch have been 

performed were not mcluded m the referenced documents 

pubhshed data have not been through a ngrd Qualtty AssurancelQualtty Control (QNQC) 
analysis It is also emdent that samphg procedures for all  medta have Mfered between vanous 

samphng agencies In addmon, there is some uncemnty as to the extent of the plutomum 

contammaaon Both the extent and the magnitude of the source term wdl be charactenzed d m g  

the RFVRI acaviaes Because of these uncertiunaes, a numencal value cannot be assigned to 

the source term at MSS 199 wth any certamty Analysis of emhng data indtcate that the 

plutonium concentraaons average less than 5 pCJg represenMg the hghest average concentrahon 

from the seed report, whch may mclude some on-site sample pomts Table 4 2 summarizes data 

from sources provlded m Appendm D The reader may compare the values found 111 Table 4 2 
to the calculated nsk h m  exposure to 1, 10, and 100 pWg, found m Appendm C and also 

compare these values to the exlshng background level of plutomum found throughout the United 

States of 0 2 pWg @PA, 199Ob) Sechon 4 14 dtscusses d h o n a l  data needed for a rehable 

detemaaon of IHSS 199 source term to support a quanotaave nsk assessment 

It is beheved that most of the 

a 

4 5 POTENTIAL EXPOSURE PATHWAYS 

The idenhficahon and assessment of exposure pathways is accomphshed by charactenzmg all 

potenaal contarmnant release mecharusms whch may contnbute to a completed exposure 

pathway to human and enwonmental receptors The release mechmsm analysis evaluates the 

possible mgrahon of the chemcals of concern, takmg mto account the= physical and chemcal 

properties that aff't enwonmental fate m the vmous site medla Certiun site charactenshcs 

such as hydrogeology, meteorology, sod orgamc carbon, c b t e ,  and vegetatwe cover, etc may 
also have a si@icant mfluence on the mgraoon potenaal Current and future use of the site 

(resldenhd use, fmnmg, grapng, use as open space) may also &termme the current and future 
exposure scenanos e 
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TABLE 4.2 

SUMMARY OF MSS 199 HISTORICAL PLUTONIUM IN SOIL DATA 

the 1970-1989 CDH report (Document D-18 below) 
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TABLE 4.2 

SUMMARY OF MSS 199 HISTORICAL PLUTONIUM IN SOIL DATA 
(conmued) 

COMMENTS 

1 
2 
3 
4 

5 

Data do not meet EPA useabllity mtena for nsk assessment (see Appendm A) 
Values ongnally expressed 111 dpdg, converted to pWg usmg 0 45 mulupher 
Included muluple analyses by vanous laboratones, some data pomts have multlple values 
Some data pomts am wthm the present RFP boundary, sample locatlons are not defined 
clearly enough to separate these from data po111ts outside the RFP boundary 
Document lacks adequate desmpaon of samplmg and analyt.mil methodology and 
contams mconsistent defmtlon of sample locatlons Because conversion of m C W 2  to 
pCJg n ~ u v e s  detsultd knowledge of methodology and propemes of the medlum sampled, 
h s  conversion could not rehably be performed, however, reported values appear to be 
much hgher than those recorded 111 other samphng programs 111 h s  area Very low 
confidence in these values 
Document presents hgh, low, and average values from Broodield remedy acreage 
samplmg between 1977-1985 
1977 data do not mclude Broodield remedy acreage 

6 

7 
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A prelimnary descnpaon of the exposure pathway should answer the followmg quemons 

Where, when and how wdl the release of the tomcant occur? 
What is m the d a t e  vicmity of the release? 
What is the quanaty, physical state, and chemcd idenaty of the released matenal? 

Agam, an exammaaon of the data presented m Appenh A concludes that the mformaaon 
necessary to perform a ngmus exposure pathway charactenzaaon was not conwed m any of 

the emstmg reports Although answers to the above qUeShOnS cannot be obwed from the 
exlsMg Informahon, it is possible to identify Uely site-specfic release mechanisms and transport 
medra based on the genenc nsk assessment presented m Appenduc C Charactenzaaon of all 

potentlal exposure pathways wdl be performed d m g  the RFURI actunties 

4 5 1 Idcnafkabon of Potcnaal Release Mechmsms 

Potentd pnmary and secondary release mechmsms of plutomum from sod at IHSS 199 are 

idenafkd m the conceptual model as shown m Table 3 1 and Figure 3-1 The potenhd pnmary 

release mechmsms mclude 

Fugmve dust from wind erosion and rccreaaonal use 
Surface water runoff 
Water ditraaodpercolation 
Biotic uptake 
Trackmg by insects, blrds and anmals 

The potenaal secondary release mechmsms mclude 

b 

b 

0 

0 

b 

b 

b 

0 

0 

Resuspension of settled dust 
Dvect fugmve dust 
Settled dust -- plants 
Settled dust -- sod (leadmg to possible a u h e  dust) 
Settled dust -- water 
Biotlc uptake of surface water 
Surface water deposihon 
Surface water ungatlon 
Surface water lnfiltratlon 
Surface water evaporaaon leadmg to possible aukme dust 
Ground water seepage 
Ground water pumpage 
Biomagnlficaaon 
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4 5 2 Identdicaaon of Trans~ort M d a  

a A physical exammaaon of MSS 199 and a rewew of avadable hlstmcal data for the c m n t  use 
of the site mdrcate that potenhd transport medta for plutomum to leave the MSS 199 areas are 

au, surface water, groundwater, and biota (Figure 3-1) The pnmary transport medla would also 

be the same for a future use scenano of remedml acaon or post remedy remdal action 

Numerous possible pnmary release mechanisms are hsted above, but it is the release of fugave 

dust from surface sods that can cause the greatest -act on the secondary transport m d a  of 
au The followng discussion promdes a more detaded descnpaon of the genemhon of fugmve 

dust and some descnpaon of the surface water runoff, ground water, and bioac uptake transport 

mechanisms at IHSS 199 

4 5 2 1  

The general pnncrples of atmosphenc fate and mobihty of plutomum are descnbed III 
Secaon 3 2 1 However, a further explanaaon of atmosphenc transport parameters is offered m 
thls secaon because mhalaoon and mgesaon of plutomum pamcles from the remedy acreage is 

considered to be the most probable means of human exposure adjacent to the site The pnncipal 

mode of transport of plutomum pmcles is mt mtmme movement h r n  the IHSS 199 source 

area, either by uphft or pmcle Impact, or by resuspension of prewously deposited small particles 

by wmd acaon or other Qsturbances @PA, 1990b) It is unportant to understand the mechmsms 

of contarmnant transport before considemg the corrective achons needed to reduce or ehmmate 

transport To quanataavely assess the envuonmental nnpact and human health nsk resultmg 

from the COntarmnahOn under pre-remedy, remedy Implementanon and post remedy conQaons, 

addmonal sod and meteor0loe;lcal data speclfic to the site d need to be collected as part of the 

RFVRI: acawaes (Secaon 4 14) 

0 

Dvect acaon of au movmg past a particle may exert enough farce to accelerate the particle, 

causmg it to roll along the surface or to be Mted up and moved m the au stream A second 

mechanism of IlllhaMg pmcle movement can also be Inmated through the Impact of avbOrne 

pamcles wth particles on the ground. Particles on a sohd surface whch have chermcal and 

physical properhes Merent from the base material have cohesive attrachon to the substrate For 

resuspension to occur wth h s  scenano, the force on the particle must be equal to or greater than 
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the force holdmg the pamcle to the surface Several factors are known to influence pamcle 

cohesion 

pmcle matenal 

shape 
surface roughness 
relaave h m d q  of the ambient an 
presence of electrostatlc charge 
nature and physical charactenstlcs of the substrate 

size 

The pnmary meteorologml factors whch influence the suspension of matenal from ground 

deposits axe wmd and ground surface moisture The amount of matenal that can be camed m 
the atr currents is dependent on the density, velocity, and mscosity of the an 

Paracles that are &dodged from the ground surface can then move in three ways suspension, 
saltatlon, and surface creep Suspension occurs when upward wmd W e s  counteract free fall, 

allowmg transport of the pmcle at the average forward speed of the wmd. These pmcles are 

generally less than 0 05 m e t e r  (mm) 111 &meter and are redeposited ma ramout or by grawty 

after the wmd subsides Parhcles between 0 05 mm and 1 0 mm rn hameter move by a senes 

of short bounces called saltaaon Larger pmcles greater than 10 mm 111 &ameter can roll 
and/or slide along the surface m what is called surface creep (EPA, 199Ob) Pmcle movement 

predomantly occurs by saltaaon Successful revegetatlon of the contammated acreage can 
reduce all  three methods of pmcle transport 

@ 

Due to the elapsed hme smce the last known releases to IHSS 199 from RFP (1970), it can be 

assumed that any free plutomum, (1 e , that avarlable for ax transport in the sod enwonment) has 

been subject to weathenng and agmg Krey and Hardy (Appenduc D, Document D-1), whlcker 

et al (1974) and general textbooks (Wick, 1967) support h s  statement concemg the behamor 

of plutonium m the envmnment Thus, the deposited plutomum is assumed to have become an 

mtegral part of the surface sod, and that it behaves accordmg to the concepts developed for sod 

erosion Addmonal stu&es are needed to venfy thls assumptlon Among the parameters whch 

most mfluence the movement of sod by wmd are the space and tune vanatlon of the sod pmcle 

size dstnbuaon However, smce plutomum is generally found 111 an ag@OmerahOn wth soil, it 0 
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is much less hkely to be avadable for depositton m the lung &anger, 1986) Nevertheless, the 
conservattve assumptton of both thls quahtattve nsk assessment and the genenc nsk assessment 

(Appenhx C) IS that all axborne plutonium is of a respmble pamcle size 

It is very hkely that fixanon of the plutomum has occurred at MSS 199 through all of the above- 

descnbed processes, and that the fixed matenal is dispersed m a surface layer several centmeters 

deep As such, smce enwonmental COndIttOnS produce COnMUOUS changes m surface layer 
charactensocs, a sunple relaoonshlp between wmd speed and the resuspended matenal has httle 

vahdlty However, data are avadable that indtcate a resuspension factor of 10" to 10 ' per meter 
(m ') for a fine powder from m e  te~m at measured wmd speeds of approxmtely 2 2 to 45 

mph (1 to 20 dsec) Resuspension factors approxunate 10 lo per meter at 2 2 mph (1 dsec), 
and mcfease rapidly to 10' per meter at 11 2 mph (5 d s e c )  where they appear to reach a plateau 
(Rockwell, 1985b) 

An average wmd speed of 9 mph (4 d s e c )  is stated for RFP (DOE, 1980) The Rocky Flats 

f isk Assessment Gwde (Rockwell, 1985b) uses a resuspension factor of 10" m for reentraned 

sod ~ h l s  value is an order of magmtude lower compared to values dtsussed m sectton 3 o for 
MSS 199, whch is mhcaove of the Mferent type of vegetattve cover present at IHSS 199 
Even though ten tunes more surface sod may be r e e n m e d  at MSS 199 than for a suntlar sized 
plot of undeveloped land at RFP, the potenttd impact on human receptors appears low, based on 
measurements by 8v samplmg devlces downwnd of MSS 199 The EG&G Operaaonal Health 

Physics Group performed 8v samphg at selected locattons on and around MSS 199 Results 

were obtamed for the penod of June 22, 1987 through December 4, 1987, dumg whch m e  

W g ,  &sang, and seedmg were conducted on the remedy acreage (Appendlx D, 
Document D-13) The 8 v b e  plutomum COnCentrahOm ranged from zero to 0 009778 pCl/m3 

wth an average value of 0 oooO14 pCl/m3 The average auborne concentraoon is far below the 

CDH hmt of 0 02 pWm3 for pubhc exposure to plutomum Even the m u m  concentratton 

measured IS below the standard by 50 percent 

Figures 4-1 and 4-2 represent 1989 populatton dutnbutton m 0-5 d e  and 10-50 d e  sectors, 

respectwely, from the RFP Overlam on these figures is a wmd rose showmg vanattons in wnd 
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speed and velocity around the RFP based upon 1989 meterologrcal data. These figures help to 

show populaaons around the RFP potenaally at nsk of exposure from wmdbome dust from 

M S S  199 Detsuled charactenzaaon of populaaons at nsk of exposure wdl be conducted under 

scheduled RFURI acawaes 

@ 

In addmon, a number of fmed enwonmental monitoturg au samplers are located in the general 

downwnd h a o n  some &stance from the remedy acreage Table 4 3  provldes the yearly 
results of avbarne levels of plummum and Figure 2-6 places these sample locaaons relaave to 

the RFP and MSS 199 The results mdcate that neither the current condmon nor prevlous 

remedud acaon has caused an lncrease ln aubome plutomum concentrahons measured at these 

sample locaQons These results are below many reported values of ambient &me 

concentraaons of plutomum taken throughout the Umted States (Eisenbud, 1987, EPA, 1990b) 

For companson purposes, it is noted that the average radon concentraaon m the Umted States 

is 110 pCdm3 (NCRP, 1987) 

4 5 2 2 Plutonium Uptake m the Food Cham 

As descnbed in Secaon 3 0, plutomum forms relaavely msoluble compounds 111 the enwonment 

and is therefore not generally considered ecologcally mobile (Eisenbud, 1987) Smce plutomum 

has no known biologcal functlon, it can only be passively mcorporated mto orgamsms, manly 

by physical processes such as surface contact, mhalaaon, and mgesaon of plutomum adsorbed 

to the surfaces of plants and zooplankton The genenc nsk assessment m Appendrx C does take 

mto account food cham transfer and fohar deposiaon of plutomum leadmg to human uptake It 

is not hkely, however, that current land use condmons (open space) could produce off-site food 

cham transfer 

As a general rule, &oisotopes present m sod sedments can pass mto the root system of plants 

m the same manner as nonradloachve isotopes of the same element. The element may or may 

not be r e q d  for normal metabohm, and some elements (e g , iodme, cobalt, umuum, and 

rdum) are known to be present m plants although they serve no metabohc funcaon However, 

htcrature rcvlewed indcatcs that even when plutomum has been apphed m a water-soluble form 
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TABLE 4.3 

PLUTONIUM AMBIENT AIR MONITORING DATA 
YEARLY AVERAGE (pCi/m’) 

P YEAR 

I- 
w 

LOCATION 

s-58 I Jeffco s-52 Aqurt I Walnut Creek 

Deep Plowing 0000003 0000003 0000002 

Revegetaaon 0000003 oOOOOO1 0000004 
Revegetaaon 0000003 0000002 0000003 

Source Appendut D, Document D-17 

J 
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and mmed mto surface sod, plutomum is strongly excluded from uptake m the first crop plants 

grown on that plot. The relaave concentrauon factor expressed as parts per mllion m dry plant 

matenal/part per mdhon m dry sod has been measured at less than 0 01% for plutomum (Menzel, 

1965) Thls value has been rephcated m a study of sheep gramg m a marsh estuary near 

Sellfield, England (Ham, 1989) 

Rad~oactlvt substances can pass h c t l y  to the food cham by fohar deposiuon The ra&onuclides 

may then pass duectly to grapng d s  or man as superficial contarmnauon, or they may be 

absorbed metabohcally by the plant from its fohar surface The si@icance of plant surface 

conmnauon vanes wth the growmg season, smce the potenad nsk due to h t  contarmnauon 

of crops is obvlously pater  just before a harvest or dunng acave graang by stock d s  
Conversely, the potenual nsk may be lowest m wmter months when there are no standmg crops, 

although it IS possible that even d m g  these months h t  fallout on the basal structure of 
grasses in permanent pastures may be stored untrl the followmg spnng Retenaon of h s  type 

wdl be greatest for plants that dewelop a mat of basal parts, old stems, and surface mots 

The sigmfkance of fohar contammabon of plants wdl also depend on the structure of the plants 

and the role of the vanous parts of the plant m relaaon to the deung habits of man Wheat 

plants have a shape that tends to m8x11111ze entrapment of settled fugrtlve dust Other cereal 

gmns and grasses also have RhhVely hgh fohar retenaon Fohar contammaaon also can be 

removed by ram, other weathemg effects, and by drylng and droppmg of plant parts (field loss) 

Chamberlam (1970) has exarmned data from a number of mvesogators and found the field loss 

d m g  the growmg season to be about 0 05 percent per day Potential fohr  contarmnaaon at 

MSS 199 d be addressed under scheduled RFI/RI aChWtIeS 

4 5 2 3 Surface Watex 

ThIs transport medla for plutomum depends almost totally on the amount of sod erosion by ram 
at MSS 199 smce the solumty of plutomum is so low The most stable form of plutomum m 

the pH range generally encountered 111 natural waters is Pu(OH), (Andelman and Rozzell, 1970) 

ThIs hydronde has been reported to have a solubhty product constant of 7 ~ 1 0 %  whch is 
mdcaove of a high degree of msolub&ty (Taube, 1964) Once plutomum contammated sod is 
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picked up by surface waters, plutomum could rmgrate along slopes and dramage on-site There 
are no p e r e d  surface waters located at IHSS 199 It is also possible that heavy mns  could 

cause parhculate matter contamng plutomum to move some &stance, be redeposited on the soil, 
and create avdabhty far fugmve dust wmd erosion Numerous studes have documented that 
surface runoff can cause plutomum to rmgrate, albeit a very short &stance Th~s probablllty of 
occurrence is low to moderate, smce all 350 acres (142 hectares) do have some form of 
vegetahve cover The Ilkelhood that this transport me&a would produce an lmpact on a human 
receptor is neghgble at IHSS 199 because of the lack of potenaal human contact wth runoff 

sedlment However, some rmgrahon of plutomum from MSS 199 to the adjacent reservous may 

be o c c m g  as a result of erosion processes Thls potennal pathway wdl be charactenzed dunng 

the RFI/RI stage 

0 

4 5 2 4 Ground Water 
Ground water momtorrng wells have been mstalled and sampled downgnuhent of the RFP, but 

not d o w n w e n t  of MSS 199 Plutomwn has been detected (mconclusively) one tune at the 

RFP (in Well 4-86) Thls is almost exclusively due to the fact that plutomum is not very soluble 

111 water, and mstead is hlghly adsorbed to clays and other sod pmculates The probabihty of 

plutonium transport rn ground water through mfdtratlon/percolahon IS therefore beheved to be 
neghgble Site-speclfic ground water charactenzahon data wdl be requlred to conduct the 

quanhtahve nsk assessment 

4 5 3 Potenhd Exposure Pathways at IHSS 199 

Potenhal exposure pathways are &scussed m thls secnon Figure 3-1 idenflies all of the vanous 

potenhal transport medla whrch emst at IHSS 199, along wth  theu associated prrmary and 
secondary release mechasms Secaon 3 0 also descnbes plutomwn fate and mobihty m the 

enwonment, and concludes that for condIhons at IHSS 199, plutomum IS highly msoluble in 

ground water and surface water, and bonds strongly to sod surfaces As stated prewously, a 
completed exposure pathway must exlst for a hazard to be conveyed to the receptor Many of 

the potenbal transport m d a  and release mechamsms idenhfied thus far do not form a completed 
pathway, and therefom do not pose a nsk to human health The only crecfible completed 

exposure pathway based on current land use for MSS 199 is shown 111 Figure 4-3 If future 
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residential home COnStruChOn occurs at IHSS 199, the addmod pathway of ingeshon of soil and 

foodstuffs would be added to the exposure pathway as dustrated m Figure 4-4 Although other 
pathways are addressed m thls report for the sake of completeness, they are not considered m the 

deterrmnatron of qUalItahVe nsk However, all potentral pathways wdl be charactenzed dunng 
the RFVRI stage 

@ 

Pnmary and secondary release mechmsms for the current land use scenano are grouped wth 

transport medla (Table 44) to d e t e m e  thew probabhty of transporhng plutomum m the 
enwonment based on the followmg probabhty rankmg 

1 Hleh -- histonc records or physical charactensms of MSS 199 mhcate that plutomum 
has a hgh  probabdq of bemg released by h s  mechamsm or transported by h s  
medla 

2 Moderate -- a possibhty exlsts that plutomum may be released by thls mechmsm or 
transported by thu medla (admme, fughve dust, surface runoff') 

I O  
3 -- the hkehhood 1s that h s  release mechamsm or transport medla does not 

promde any sigmficant possibhty of release or transport m the cnwonment (fugtrvc 
dust) 

4 Neehnble -- al l  hlstonc data and physical charactenstrcs of plutomum inhcate that 
thls is not a cmhble release mechanism or transport pathway for plutomum (ground 
water, surface water, biotrc uptake) 

4531 
Much of the sod data revicwcd m&cate that natural processes such as biologcal actrmty, 

weathenng and percolahon wdl cause plutomum to move verhcally downward m the top few 

centmeters of the sod column, but that sod charactenstrcs and plutomum proprhes wdl h u t  

the depth of mIgrahOn Sectlon 3 0  of h s  document descnbes some of the factors most 

mportant to plutomum transport m sod One of the most mportant factors is the chsmbutron 

coefficient (Kk, Thls term reflects the ability of ions and molecules to adhere to solid surfaces 

The fine particles of sod and sedunent have enormous surface areas relahve to thev volumes, and 

carry electnc charges Ions and molecules can bond to these surfaces by forces that range from 

those due to weak residual electnc charges to strong chemcal bonds Typical I(d values 

(wtless) for plutomum axe Id to Id mhcatmg its hlgh potential for mmobhzatron by soil 
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(Allard and Rydberg, 1983) 

transport of plutomum m the enwonment 
Thls has an important beanng on assessment of the fate and 

Although plutomum is relahvely Mmobde m the sod enwonment, it can be physical transported 
wth dust parhcles The concepts of sod reentramment m an for MSS 199 were dlscussed m 
Sechons 3 0 and 4 5 2 1 One si@icant factor is that reentmment for the RFP IS eshmatcd 

to be 10" m ', whde reenmnment for MSS 199 is calculated to be 1 0 - 1 8x109 m ', almost 

an order of maptude hgher (Appendm D, Document D-8)' This may be attnbuted to the 

reduced vegetahve cover of the ma. 

As stated prewously, the exlstmg data are h t e d  m areal and verhcal coverage, and probably 

would not wthstand QNQC vahdahon However, these data do p r o d  an mdlcatlon of the 

plutomum concentrahon present 111 the soils Sod samplmg at MSS 199 was performed dunng 
1977 and 1985 (Appendm D, Document D-10) The results mdlcated a decrease m plutomum 

concentrahon m 1985 versus 1977 for al l  samples m the survey The decrease was attnbuted to 

the weathemg of the sod and vertlcal ~grahOn of plutomum 111 the sod However, these results 

appear inconclusive because (1) the 1985 survey took one sample per 10 acres (4 hectares) 

compared to one sample per 0 2 acre (0 08 hectares) 111 1977, whch averages to 50 samples per 

10 acres, and (2) Mferent analyhcal laboratones uhhzmg Mferent mhochermcal procedures for 

plutonium extrachon and countmg were used 

0 

The concepts developed m thts document mdxate that the sod pathway for MSS 199 soils can 

produce fugave dust from wmd erosion, leadmg to an mhalahon exposure route for a human 

receptor The dmct an pathway, as well as dust resuspension after redepositlon on the soil, wfl 

be retiuned m thts qUahtahVe nsk assessment. 

The followmg sod pathway wdl be e h a t e d  for the c m n t  land use scenano srnce rngeshon 

is not a h b l e  pathway for plutomum exposure at thts MSS 
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Su@ace Soil + Direct Ingestion 
Su@ace Soils + Fugrtrve Dust + Air + Settled Dust (to Sod) 

Su@ace So& -+ Fugitive Dust -+ Air + Settled Dust (to Water) 
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Current land use condmons on the remedy acreage preclude the duect sod ingesaon pathway due 

to restncaons on land use The genenc nsk assessment developed m Appendlx C indxates that 

for a recreahond use scenano the mhalahon pathway produces almost all of the dose to 

mdmduals rtcrcaang at a s  MSS, whde the mgesaon pathway produces a neghgble component 
of the total nsk Figure 4-3 mdcates that the mhalatlon exposure pathway is remned for current 

land use condmons 

@ 

There is a possibhty that residentlal home constructlon could occur at MSS 199 at some future 
date In h s  case, addmonal completed exposure pathways are possible All potenad pathways 

wdl be charactenzed dunng the RI 

As shown m Figure 4-4, a future residenaal land use scenano would retam the mhalaaon 

pathway, the k t  sod mgestlon pathway, and the fohar depositlodfoodstuff pathway 

4 5 3 2 Surface Runoff 
The only d b l e  release mechmsm mvolvmg surface runoff would be surface runoff canymg 

suspended plutomum parhcles that subsequently deposits these sods m a dry area. Only m h s  

manner could fugave dust be generated by wmd erosion "ius pathway is not hkely to produce 

any measurable amounts of m h e  plutomum due to the low actlvzty present m the sod and the 

charactensac lmmobhty of plutomum m the enmnment  Ingesaon of contammated water, and 

biotlc uptake of contammated serllments from surface runoff is possible, but its contnbuaon to 
the overall nsk is neghable Therefore, it wdl not contnbute to a completed exposure pathway 

and wdl not be rewed m h s  nsk assessment The followmg surface runoff pathways wdl 

therefore be elmmated for IHSS 199 

0 

Sqfizce Soils -+ Sqfizce Runoff + Sur$izce Water 3 Bwhc Uptake 
Surface Sods -+ Su@'e Runoff 3 Sut$ace Water + Deposition 
Surface S o h  + S u ~ a c e  Runo#+ Sutface Water + Irrigation 

Su#ace Soils + Surface Runoff + Suvace Water + Infitratron 

However, areas of obwous surface water h a g e  wdl be charactenzed dunng the RFI/RI to 
vahdate or refute this conclusion 
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4 5 3 3 Ground Water 

An extensive system of ground water momtonng wells has been installed on the RFP The well 
locations were selected to momtor ground water in background areas, m areas where potenaal 

contamnaaon mght be expected, and downgmhent of potenaal contarmnant sources Well 
locaaons mclude areas near holdmg ponds, evaporaaon ponds, and creek beds Momtonng wells 
m the buffer zone along the eastern boundary of the RFP have been sampled, and only one 

instance of plutonium levels above background was detected m any of the wells Thls suggests 
that the sousedtment column IS a good medum for bmdmg plutomum and prevenhng it from 

reachmg ground water Although no h t  samphg data are avadable concerning plutomum 
transport from the land areas of MSS 199 to ground water, it can be inferred from the RFP on- 

site data that thls pathway wdl hkely not conmbute to a completed exposure pathway Therefore, 

considerahon of the followmg pathway wdl be elmmated from the qualrtaave nsk assessment 

0 

Surface Soils + InfiuratiodPercolataon -+ Ground Water + Seepge and Pumpage 

Site-spec& data wdl, however, be collected for MSS 199 dunng the RFvRI to confirm that h s  

is not a wable pathway @ 
4 5 3 4 Bioac UDtake 

Due to the msoluble nature of plutomum, its uptake 111 the biota by transport through the food 

cham is not Uely Indcator plants and d s  located on the RFP have been identified, 

sampled, and found to contam nomud background ranges of plutomum (CSU, 1974) However, 

no samphg site speclfic data concemg bioac uptake at MSS 199 is avadable Insects are also 

a potenaal source of bioaccumulahon, but no samphg data are avadable that prowde the results 

of potenaal bioconcentraaon. h e  dogs heavlly populate MSS 199, and thew burrowmg 

acawaes produce a veracal redutnbuhon of the plutomum 111 sod Thls acawty enhances " a l h g  

actlon" and effechvely dtlutes the plutomum concentraaon 111 sod (Wmsor, 1980) However, thls 
p m e  dog achwty negahvely mpacts the success of the revegetahon effort No samphg data 

are avadable that descnbe plutomum uptake and bioaccumulaaon by these prame dogs In 

summary, there is no signrficant ewdence of bioaccumulaaon through succ&g trophc levels 

smce metabohc drscnmtnaaon usually acts agmst the biouptake of plutonium @PA, 1990b) 
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The literature Itmewed for thrs document (Secaon 6 0) mbcates that bioac uptake for plutonium 
leadmg to a human receptor is hghly d e l y  at MSS 199 based on cutltnt land use conbttons 

Therefore, the followmg pathway wdl be elmmated from the quahtattve nsk assessment 

Surface Soils -+ Biotrc Uptake + Biota 

A future use scenano of residentml home constructton would rean thrs pathway and has been 

mcluded m the genenc nsk assessment m Appenbx C Fohar deposiaon on gramg lands and 

home gardens could potenaally provlde a completed exposure pathway and conmbute a 

si@icant percentage of the total nsk posed by the site, as developed m the genenc nsk 
assessment. 

4 5 3 5  Traclanq 

Traclang (transport and redepositron) of plutomum by orgmsms hvmg on or mgraang through 

M S S  199 is considered msi@cant for the transport of plutomum when compared to movement 

by wmd The followmg pathway will therefore be elmmated from further consideraaon 

Surface Soil + Tracking 

4 5 3 6 Recreaaonal Use 

Jefferson County has dedxated its 250 acres (101 hectares) of MSS 199 to the Jefferson County 

Open Space program County regulattons allow pubhc access to Open Space lands for hdung, 

mountam blke ndmg and horseback n b g  At the present tune, however, there is no pubhc 

access to the MSS 199 acreage owned by Jefferson County, and m a a o n a l  usage is not 

allowed If the land is opened to rematlonal usage m the f u m ,  i t  is beheved that the pemtted 

acmttes would generate neghgble amounts of reentmned surface sod (dust), and therefore 

present a neghgble nsk h m  arborne plutomum to recreaaonal users A genenc recreaaonal 

nsk scenano for exposure to 1, 10, and 100 pCdg of plutomum is presented m Appencllx C 

At the m e  of the Settlement Agreement (1985), the City of B m d i e l d  mtended to use its 

100 acres (41 hectares) of IHSS 199 for future expansion of Great Western Reservou To date, 

the resewow has not been expanded. The land has r e w e d  m its onpal state, and acts as part e 
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of a buffer zone around the reservon Public access is not allowed. The clty of Broomfield has 

no def i te  plans for future use of then MSS 199 acreage (Broomfield, 1990) SO for current 
use CondIhons, the followmg pathway wdl be elmmated from further considerahon 

I Surface Soil + Fugitive Dust (Recreation) + Air + Inhalation 

I h k  from reCreahOnd use has been calculated m the genenc nsk assessment for use of 

IHSS 199 The mhdahon and b c t  sod mgeshon pathway has been rewed for this potenad 

future use Scenano 

4 5 4 Summary of Trans- and Release Mechamsms for Current and Future Land Use 
The only d b l e  transport and release mechamsm for MSS 199 whch leads to a completed 

pathway, based on exlstmg domahon, is wrnd erosion of the surface sod which produces 
fugmve dust. This dust may then be transported to human receptors m a form avalable for 

uptake as follows. 

Surfbce Soil -+ Fugitive Dust + Air + Inhalation 

0 Table 4 4 Sumnames the transport and release mechamsms for c m n t  land use condmons 

Future land use Scenanos mclude both residenaal home COnStNChOn and recreahonal use of 
I H S S  199 The followng transport and release mechmsms could lmpact human receptors for 

th~s scenano 

Surface Soil + Direct Ingestion 
Surfuce Soil -+ Fugitive Dust + Air -+ Inhalation 

Surface Soil -+ Fugih’ve Dust -+ Folaar Deposition + Ingestion 

Table 4 5 summarrzes the transport mechmsms for future land use COndIhOnS 

4 6 EXPOSURE ROUTES FOR CURRENT LAND USE CONDITIONS 

The three exposure routes (mutes of entry) whch can lead to mtemal d a h 0 n  exposure are 

mhalabon, IngeShOn, and dennal contact. The two pnmary exposm mutes of plutomum uptake 
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that could most hkely lead to mtemal rdanon exposure are the mhalatlon and mgestton of 

IadIOachve matenals ~ermal contact IS not considemi a siMicant exposure route (Sechon 4 3) 

The eshmatlon of organ burden and exposure, as well as of the resulting dose rates and doses, 
due to uptake by these pathways is based on the use of mathematlcal models whch depend on 
many parameters Pubhcattons ICRP 30 (ICRP, 1979), ICRP 31 (ICRP, 1980), ICRP 48 (ICRP, 
1988a) and ICRP 30 (rewsed) (ICRP, 1988b) prowde the cntena necessary to calculate the 
comm~tted effectlve dose eqruvalent for both occupattonal workers and the general pubhc l h s  

sectlon wdl show that the maptude of the dermal contact/iigestlon pathway is msiwicant 

when compared to mhalatlon 

e 

4 6 1  Inhalatlon 

The lnhalahon of an aerosol canylng rahonuchdes is a potennal mechasm for damage to the 
respzratory tract as well as a possible pathway for the translocatlon of lnhaled rdoactlve matenal 

to other reference organs The complexity of the biologcal phenomena whrch govern 

transmssion and e h a t l o n  of such matenal comphcates the assessment of potentlal health 
effects due to lnhalatlon of mhoactlve matenal Factors whch must be mcluded are 

The fracaonal depositlon of inhaled matend m the respmtory tract depends on 
propemes of the aerosol slze and mass dstnbutlon, chemcal form, and charge, as 
well as on the breathrng rate and such physlologcal charactenstux of the lung as its 
surface propemes and configurahon For the purposes of thls qudtatlve nsk 
assessment, it is assumed that 100 percent of the plutomum m dust is avadable for 
uptake 

The durahon and extent of the exposure depends on the biologml and physical 
mechamsms whch transport the deposited matenal and its decay products w h  the 
body These mclude the vanous clearance paths, the nuchde half-hves, the chermcal 
form, the solubhty, and the degree of retentlon m each organ of mterest. 

The dose depends on the duration, of the actlvlty of both parent and daughter 
mbonuchdes m the organ, the organ mass, the emtted energy of each nuchde, and 
the frachOn of that energy absorbed by the organ hSSUeS 

The lnhdatlon mode of exposure has long been recopzed as bemg of major mportance for 

raoachve matenals The model used 111 Appendut C to calculate a genenc plutomum nsk 

assessment for current use mdlcates that for conservatlve assumptlons, the conmbutlon of the 

0 
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Inhatahon pathway compnses 97 percent of the total nsk This route prowdes a &ea pathway 

for alpha pmcles to enter the sensihve organ which is the lung The lung is the organ of 

pnmary concern when assessmg the nsks from plutomum m sod @PA, 1990b) 
e 

When inhaled, plutomum is retamed m the lung wth an effeChVe half-Me that vanes from 
hundreds of days for plutomum ondes (Y class) to tens of days for more soluble forms (W 

class) A sigmficant pomon of the msoluble plutomum ox& that leaves the lung is translocated 
to the tracheobronchal lymph nodes Inhaled soluble plutomum is translocated to the hver and 
skeleton where it is very strongly retamed (Bar, 1973) Thls is m contrast to the rngeshon 

pathway, where the gut wall acts as a barner to plutomum absorbed by blood 

Inhdahon is the most common pathway by whch plutomum can cross the barners of the body 
and penetrate mto and across hvmg cells The aerodynarmc parhcle size of the aerosol, whch 

accounts for not only the slzes of the pmcles but also thew density and shape, de t emes  the 

frachond depsihon and sites of depsihon m the resplratory tract The bioavadab&ty of 

plutomum adsorbed to particles often depends on h s  aerdynarmc particle size Particles wth 

a bameter greater than 5 mmns usually become mbedded m the mucous of the pharynx, 

trachea, or bronchl The mucous is swept up the resplratory tract and swallowed Therefore, the 

residence tlme of mhaled plutomum m the nasopharyngea and tracheo-bronchal regons is short. 

The absorpaon eficiency of these large pmcles depends on the gastromtesanal absorphon 
efficiency, whch is extremely low for plutomum (SeChOn 4 6 2) Consequently, mhaled pmcles 

that are subsequently mgested reduce the maptude of the mhdahon pathway The subsequent 

rates and routes of clearance, the translocahon to, d e p S i h O n  m, and rate of clearance from other 

hssues, and the excrehon m ume and feces of plutomum depend on parhcle size, solubAty, 
density, shape and other physicochemcal charactenshcs of the plutomum aerosol The d a h o n  

dose delivend from an d a l e d  donuchde is a funcQon of the transportabhty of the parhcular 

chemcal form from the lung to other organs of the body Chermcal forms of rabonuchdes are 

classdied as Class D, W, or Y from most transportable to least transportable, respechvely The 

biologcal half lives in the lung are defined for these three solubAty classes as Days (0 5 days), 

e 
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Weeks (50 days) and Years (500 days) The ICRP has deterrmned the solubhty class for vanous 

plutomum compounds (ICRP, 1988b) These are e 
Class D (days) - no plutomum compounds 
Class W (weeks) - all plutomum compounds except oxldes 
Class Y (years) - plutomum oxldes 

I Enwonmental sources and auborne releases of plutomum are Mcely to be 111 the oxlde from 
(EPA, 1990b) 

Class Y plutomum refers to the solubhty and body retenhon of the rdonuchde Thls class is 
msoluble m the body and, If breathed m, tends to be rewed m the lungs for months to years 

However, If mgested, Class Y plutomum tends to pass through the body wth  no biologcal 

uptake As stated prevlously, PUO, is considered to be msoluble 111 the body, and thus is 

classfied as Class Y plutomum 

462  Ingemon 

The mgeshon of &oactive matmal (sod, water) represents another pathway by whlch 

radloacavlty may be transferred mtemally to blood and, subsequently, to other organs W l e  

a descnpnon of this pathway is smpler than for mhdahon, due to the dmct deposihon of the 
mgested matenal mto the gastromtesmal (GI) tract, evaluation of the balance of the biologxal- 
physical processes mvolved is affected by the same u n c e m h e s  of biologml parameten as were 

ducussed for the mhalahon model In the Ing?ShOn model the C r I t i C d  transfer mechmsm 1s the 

absorpnon of rdoachve matenal mto the systemc blood from the small mtestme, however, the 

gastrointestmal tract provldes a substanhal bamer to the uptake of plutomum mgested wth  food 

or water In adult d s  less than 0 01 percent of mgested plutomum is absorbed from the 

mtestmes (ICRP, 1988a) Inhaled plutomum d also be cleared from the lungs to the 

gastromtestinal tract, so gastromtestinal absorphon is a consideranon, although mhalahon 
followed by IngeShOn is considered a neghgble pathway wth  regard to nsk Values for the 

frachon, fl (GI absorphon factor), of mgested radmchvlty transfemd to blood have been studed 

111 m a l s  and to a hmted extent, are shll subject to large uncertarnties whch strongly affect 

projected doses to the reference mternal organ The ICRP hsts an fl value of 1 OE-05 for oxldes e 
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of plutonium, an fl value of 1 OE-04 for nitrates plutomum and an fl value of 1 OE-03 for all 

other forms of plutomum (ICRP, 1988b), whde the HEAST hsts an fi value of 1 OE-04 for the 

oude form of plutomum These low fi values mhcate that the mgested plutomum wll not easlly 

transfer to other body compartments The HEAST hsts an fl value of 1 OE-03 for amencium 
Smce amencium does exhlbit greater solubhty 111 the enwonment than plutomum, 
charactenzahon of potenhd ammcium pathways wdl also be accomphshed dunng the RI 

0 

For future land use scenanos, the mgeshon pathway may become mre sipfkant, and m fact 

may contnbute the greatest percentage of nsk This is due to potenad fohar deposihon of 

plutonium/amencium on home gardens dlrectly at MSS 199, wth subsequent human mgeshon 

4 6 3 Dermal Contact 
Plutonium-239 and plutomum-240 are alpha emmers and hence only present a biologcal hazard 

d they are transferred mto a biologcal system, however, dermal absorphon is not a major route 

of exposure @PA, 1990b) The dermal contact human transfer pathway for plutomum would 

rnvolve slan contammahon and subsequent transfer mto the body through an open wound or by 

mgesuon Unbroken slan has been shown to be an effechve bamer to the penetrabon of 
plutomum, and dermal absorphon coefficients cited 111 the hteram are on the order of 5 x 10 

(NRC, 1988) It is hlghly unlrkely that soluble plutomum is present at MSS 199 m a 

concentranon that would lead to aansfer through an open wound by slan contamtnahon Smce 

the GI absorphon factor is 1 Oxlo-’ for oudes of plutomum, human bio-uptake of plutomum sods 

by the dermal contact pathway and subsequent GI absorphon is not plausible, 

0 

These nsk values are restated here to remforce that for the current use scenano The lnhalahon 

pathway produces by far the pnncipal hazard from MSS 199 Because of plutomum’s low sod 

mobdity and water msolubhty, the addmve nsk associated wth plutomum souwater IngeShOn 

are msi@icant when compared to the health nsk associated wth  plutomum lnhdahon 

4 7 RISK CHARACTERIZATION 

Thls quahtahve nsk assessment is a systemahc identrficahon of potentd hazards of events that 

could result 111 undesirable consequences, and is mherently basically subjechve The man 
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Qsadvantage of this quahtahve approach is that it is Micult  to make speclfic numencal 

compansons among the nsks of Mferent events or Scenanos However, as shown m Tables 4 6 

and 4 7, hazards can shll be grouped by relanve mportance mto nsk categones (1 e ,  cnucal, 
margnal) and hked wth frequency categones (1 e ,  hlgh, moderate, low, neglqpble) Pathways 

and release mechanisms that are classified as havmg cnhcal importance to the nsk assessment 
would have a hgh  probabdq of unpactmg a human receptor Those that have a m a r p a l  
mportance have a very low probab&ty of impacang a human receptor These groupings, 
coupled wth the nsk eVdUahOn presented in A p p e n b  C, also can be used to inchcate that there 

is not any lmmlnent threat to human health fn>m IHSS 199 

@ 

4 7 1 f isk Charactemahon Process 

The nsk charactenzabon presented here evaluates the magmtude of the relahve occurrence of 

plutonium m each m&a, its hkehhood for transport to other medm, and its hkehhood to mpact 

a human receptor The concepts developed 111 precedmg sechons are uhl~zed to detemne the 

magnitude of nsk (using mSMg mformanon) based on the followng ranlung 

&ah -- A sigmficant potenual hazard to human health exlsts based on hstoncal data, 
physical charactensacs andlor present COndmOnS 

Moderate -- rnaxmum d b l e  assumpuons of release mechmsms and exposure 
pathways, it is possible that plutomum wdl be measured at the receptor pomt 

-- It is hlghly e e l y  that a hazard to human health ensts, usmg m u m  
d b l e  assumphons of release mechanisms and exposure pathways combined wlth 
hlstoncal data, the physical charactensucs of plutomum transport and present 
condmons 

Neghmble -- The release mechmsms and completed exposure pathways do not emst, 
therefore there is no nsk to human health 

4 7 2 €‘wsical Model 

Prowdmg a reasonable eshmate of mternal IadIahon doses due to lnhalaaon and mgesnon 

requms that a consistent model for both the respiratory and gaStrOmteSMd tracts be employed 

W e  a large amount of theaeacal and expemental work on such models has been done, the 

most widely accepted models that prow& reasonable eshmates of mternal r d a b o n  doses have 

been those developed by members of the respecuve ICRP worlang groups 
’ 
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The proposed ICRP Task Group on Lung Dynarmcs (TGLD) model for the resplratory tract has 

been well documented. Parameters suggested for use m the model have been extensively 

rewewed and, to some extent, unproved m ICRP pubhcauons (ICRP, 1979, ICRP, 1980, ICRP, 
1988b) The ICRP TGLD proposed model compnses thee major respvatory compartments the 
nasopharyngeal, the tracheobronchal, and the pulmonary Each of these major compartments is 

&wded mto subcompartments cmspondmg to vmous transfer mechmsms, whch are treated 

as essentdly mdependent processes In addmon, the a sma ted  lymph nodes are appended to 
the pulmonary compartment m one of the transfer chams Dmct depositlon through lnhalatlon 
occurs to the three major compartments, with the fractlonal depositlon rn each bemg a funcuon 

e 

I of the aerosol properues Subsequent transfer and/or clearance is governed by parameters 

specrfred for each subcompartment. 

For the calculauon of souwater mgesuon, the ICRP gastromtestmal tract model can also be used 

to d e t e m e  mtemal exposure The model compnses a four-compartment tract conslsung of the 

stomach, small mtestme, and lower and upper large mtestme 

0 4 7 3 b s k  From All Modes of Ex~osure 

The chemcal forms of plutomum found m the off-site sods at RFP are hghly msoluble both m 

the envlronment and m the human body Based on a revlew of exposure pathways and routes, 

it appears that for the current use scenano, the potenual for human uptake is neghgble and poses 
a very low potentlal nsk m the quahtatlve model Developmg these concepts m tabular form, 

biologcal uptake mechatllsms from a l l  release pathways can be ranked from the most hkely to 

the least hkely for the current land use scenano 

Ex~osure Route 

InhalaQon 
Dvect mgesuon of sods 
Inhalatlon then lngestlon 
Bioaccumulauon 
Dermal contact 
Ingestlon of dnnlnng water 
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The last four routes are considered neghgble from a nsk standpoint For a future land use 
scenano, biologcal uptake from the followmg completed exposue pathways may occur and are 

ranked from most Uely to the least Uely 

Exmsure Route 

Ingestion of home g&n foodstuffs 
Inhalation 
Dmct mgestion of sod 
Ingestion of contammated biota 
Dexmal contact 
Ingestion of dmlang water 

For the future use scenano, the last three routes are considered negllgrble from a nsk standpomt 

A quahave companson of pathway specific nsk is provlded by the EPA @PA, 1990a) The 

EPA has developed the followmg mda-speclfic concentration-based m t  nsk factors for age- 

averaged hfeme excess total cancer per unit dady mtake (exposure for 70 years) of Class Y 
plutomum-239. 

II Ruk per Umt Concentmod il 
II I Dnnbgwater I Sotlhgestion II 

The medra-specific nsks rn based on standard man (155 lbs [70 Kg]) mtake rates of 

706 f?/day (20 m3/day) rnhald rn 
0 6 gal/day (2 2 Vday) mgested hquid 
2 2 x 10' lbdday (0 1 g/day) rngested sod 

These values assume that all W y  me&a exposure is denved from contammated zurborne fuptive 

dust (706 f?), surface water/surface runoff (0 6 gal water), and sod (2 2 x la4 lbs) and that 

exposure occurs COnMUOUSly for a 70-year Heme. In other words, per umt concentration m 
each medra, the umt nsk is far mater from mhalaahon of dust m w than the other two 

exposures, however, it should be kept m mmd that mt concentraaons m these medn are not 

comparable 111 terms of h k e h h d  of Occurrence In fact, the genmc nsk assessment developed 

m Appendur C mdlcates that for the future use residential scenmo, the mgestion pathway would 

RFPaprl99 r 99 051791 



conmbute the significant percentage of total nsk Inhalauon has been calculated to be the 
pnmary nsk for the no further action current use, the worker and public scenano dunng r emda l  

actlon, and any mreauonal future use scenanos 

These unit nsk factors use the same basic approach as other models (DOE, ICRP), however, the 
EPA uses the model to &me nsk from each type of m d a .  These m k  factors reinforce the 

premse that mhalauon of plutomum @Wm3) has a much greater nsk factor than from mgesuon 
of water (pa) or sod (pWg) Under current land use (1 e ,  no pubhc access) the au pathway 

from MSS 199 produces a neghgble nsk to the pubhc, therefore, it can be m f e d  that other 

pathways must also produce a neghgble nsk 

Thls conclusion wdl be vhdated or routed by calculauon of a true site-speclfic quanutauve nsk 
assessment dunng the RFWU 

4 8  ASSESSMENT OF QUALITATIVE RISK FROM NO FURTHER ACTION 

An analysis of the relauve magmtude of the source term release mechmsms, transport m d a ,  
receptor polnts and modes of uptake at MSS 199 has been presented m h s  quahtauve nsk 
assessment. A summary of these analyses for the current and future land use condmons are 

provlded m Table 4 6 and Table 4 7 

ALTERNATIVE 

a 

The concentranon of plutomum (source term) m the sod at MSS 199 appears to be low, although 

above background whlle the concentmuons are above background, 111 most areas they are below 

the CDH standard of 09  pCdg (003 Bq/g) Release mechanisms, transport medla, known 
receptors and modes of uptake have been evaluated, and the only completed exposure pathway 

for the current use scenano is the =borne dust pathway due to wmd erosion of soil 

Completed exposure pathways for the future use scenano mclude mhalation from h e  dust, 

dmct sod, mgesuon, and fohar deposiuon followed by human mgesuon of these contammated 

foodstuffs Court-or&red sod W g  and revegetauon have been conducted on poruons of 

MSS 199 m an attempt to Rduce the average plutomum concentrahon m sods that exceeded the 
0 9 pCdg (0 03 Bq/g) level and to stab&= the soils (Secuon 2 2 3) The t d h g  has succeeded 0 
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m lowenng plutomum concentraaons to below CDH gudelmes Revegetaaon of alled areas has 
been only parhally successful, however, m a s  m which planted grasses have not been successful 

have developed a natural cover of opportumsac grass and weed species W e  thrs vegetaave 

cover is not considered adequate from a remdaaon standpomt, it does nonetheless promde some 
sod stabilizaaon and reduce the hkelhood of auborne dust generauon Therefore, based on the 

physical parameters of IHSS 199, the nature of plutomum transport m the envrronment, the 

plutomum concentraaon present at MSS 199 and the smgle completed exposure pathway, the 
magtlltude of nsk from a no further EhOn alternaave is judged to be low to neghpble 

0 

I As calculated m Appendm C, future residenaal use of IHSS 199 would result m a s d a r  low 

to neghgble nsk 

4 9 RISK DUE TO DELAY OF IMPLEMENTING REMEDIAL ACI'ION 

As stated m this document, plutomum movement due to preapitaaon and surface water runoff 
tends to be low due to its h g h  affituty for the sod by adsorpaon In addmon, vegetative cover 

does exist on most c o n m a t e d  lands at M S S  199, and field samplmg data mhcate a gradual 

reducoon overtlme 111 the plutomum concentraoon 111 the upper 08 111 (2 cm) of sod 
(Appendx D, Document D-18) It is possible that thrs reducaon 1s due to the plutomum 

becommg reennamed and blowmg east, east-southeast, or south-southeast from MSS 199 
However, samplers located m these general wmd dmxaons (Table 4 3) are not detectmg 

mcreased arbome plutomum acamty Therefore, thrs gradual decrease m sod concentmaon 

could be from the veracal downward rmgraaon of plutomum 111 a sod column over tune 

Quahtaavely, human health nsk to the pubhc due to the delay m ImplemenMg remedlal acaon 

(see secaon 2 2 3 2) is judged to be neghgble 

0 

4 10 ASSESSMENT OF RISK DURING REMEDY lMPLEMENTATION 

Plowng and u l h g  wll not remove the plutomum from the sods, but would Mute the 
concentrahon below the CDH plutomum-m-soil standard of 0 9 pWg (0 03 Bq/g) Successful 

revegetahon will also reduce the Irkelhood of subsequent transport of plutomum from IHSS 199 

Cemn precauaons in p e r f m g  h s  remedlal achon are mandated m the Settlement Agmment 
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Smce generahon of arborne dust c o n w n g  plutomum is of the greatest concern, r e m d a l  actlon 

can only be performed when the followmg condlhons are present 

Wmd VelOCiheS are no greater than 15 mph (33 km/hr) 
Sod moistwe must be greater than 15% 
Aubome plutomum contarmnant levels cannot exceed 0 02 pWm3 (7 4 x lo4 Bq/m3) 
A fU@hVe dust control p e m t  has been o b w e d  from CDH 

Inherent m the comphance wth the above condmons is the necessity for water trucks to be on- 

site and aChVely wethng down the sod as r e m d a l  aChOn proceeds at MSS 199 A number of 

other methods are avadable for prevenhon of plutomum exposure to site workers Adherence to 
standard Operahng procedures, reducmg fUgIhVe dust emssions, and aubome radronuchdes 
momtonng are estabhshed methods for reducmg worker radIahOn exposue Respvators can be 

used If enpeenng controls are not sufficient to prowde protechon for workers 

Given the fact that the r e q e  controls are expected to prevent a u k m e  mgrahon of plutomum 

d m g  remedd acnon, it is detemed that the mmmental nsk to MSS 199 workers and the 

pubhc would be neghsble d m g  Implementahon of sod plowmg and W g ,  and any subsequent a revegetation 

The genenc nsk assessment m Appendut C addresses potentlal nsks to both site workers and the 

pubhc 

4 11 ASSESSMENT OF POST-REMEDY RISK 

It has been demonstrated that sod muung by plowmg and Wg would reduce the concentrahon 

of plutonium currently on the surface of MSS 199 Therefore, unpiementahon of the court- 

mandated remahal action would reduce plutonium concentrahons m sod and reduce the nsk 
associated with the COntarmnahOn 

Smce the plutomum m the sod standad has been set at 09  pCdg, the genenc nsk assessment 

for 1 pCdg plutomum-239 provided m Appenduc C can be apphed to d e t e r n e  the potenhd nsk 

to the pubhc from post remedy concentraQons of plutomum m sod 
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4 12 SUMMARY OF OUALITATIVE RISK 
Table 4 8 summarizes the hypothehcal quditahve nsk charactemahon denved from the genenc 

nsk assessment. The genenc nsk assessment is based on a hypothehcal mdhpathway exposure 
scenario All exposure pathways uahe  plutomum-239 111 sod as the source meda. The 
followng two scenarios and component pathways are considered 

Residenhal Recreahonal 

Incidental Sod hgeshon 
Inhdahon of Dust 
Ingeshon of Leafy Vegetables 
Ingeshon of Tuber Vegetables 
Ingeshon of Beef Tissue 
IngeShOn of Beef Lwer 
hgeshon of Cow’s Mdk 

Incidental Sod hgeshon 
hhalahon of Dust 

Dews of the hypothehcal-genenc nsk assessment are presented m Appenh C 

As mdcated 111 Table 48, nsk mcurred from exposure to plutomum-239 m a reCreahOnd 

exposure scenano at IHSS 199 befare, dunng, and after remexhal achvlheS would be below 
EPA’s target range of acceptable nsk (1 e ,  below 1x106) Slrmlarly, nsk mcurred from exposure 
to plutomum-239 m a future-us residenhd exposure scenano at MSS 199 after remdal achmhes 

would also be below EPA’s target range of acceptable nsk (1 e , below l x l p )  Residenhal use 
exposure cannot occur at M S  199 before or dunng the remedy achwhes 

4 13 UNCERTAINTIES IN THE RISK EVALUATION 

The methods used to assess potenad human health and enwonmental nsks m h s  and most such 

evaluaaons arc subject to a wde vanety of uncertamhes In general, the five mam sources of 

uncemnty m nsk assessment are the followmg 

Inadequate sample populaaon 
Samplmg and analyacal methods 
Fate and transport modehg 
Exposure eshmahon 
Toxlco1ogm.l data and dose response extrapolahon 
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Recreattonal Use 

TABLE 4.8 

Below EPA’s Range Below EPA’s Range Below EPA’s Range 
of Acceptable ksk of Acceptable R d c  of Acceptable fisk 

HYPOTHETICAL QUALlTATIVE RISK CHARACTERIZATION 
DERIVED FROM THE GENERIC RISK ASSESSMENT’ 

I Exposure Scenano I Befare R e d y  I Dunng Remedy I After Remedy II 

R Use I NA 
Below EPA’s Range I NA I of Acceptable k s k  

’ The nsk eshmates pnsented 111 thls table are hypothehcal They are based on the genenc curve 
presented 111 Figure C-1 of Appenduc C 111 conjunctton wth eshrnates of sod concentratton that 
have been judged to be unacceptable for performmg a Baselme Rsk Assessment See Appenduc 
A for a dlscussion on the h t a h o n s  on all data presented 111 dus rem 
NA - based on con&hons at the site, these exposure condlaons dld not emst dunng the remedy - 
phase specified 
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Errors associated with samphg and analysis mclude inherent errors m laboratory analysis, 

representativeness of the samples, sampling errors, and heterogeneity of the sample matnx 

Although QNQC  programs serve to reduce these errors, they cannot e h a t e  all errors 

associated with samphg and analysis 

4 13 1 Toxicoloacal UnceRtunues 

Toxlcologcal data errors are also a source of uncertsunty The EPA noted thls m its gmdelmes 

for carcmogemc nsk assessmenv 

"There are major uncertalnhes m extrapolaang both from m a l s  to humans and 
from hrgh to low doses There are mportant s p e s  dtfferences m uptake, 
metabohm, and organ dlstnbuhon of carcmogens, as well as species and stram 
Mferences rn large site suscephbhy Human POpdahOnS are vanable wth 
respect to geographrc consutuaon, &et, occupahond and home enmnment, 
aChvlty patterns and other cultural factors @PA, 1986) " 

The esnmaaon of exposure q m s  numerous aSSumphOnS to descnbe the potenhd exposure 

situahons There are a number of uncertsunhes regadmg the fate and transport of plutomum, the 

hkellhd of exposure, the frequency of contact wth conmmtnated m d a ,  the concentrahon of 
consntuents at exposure pomts, and the tune penod of exposure These assumphons tend to 

oversunphfy actual site condlhons There are inherent uncertamhes m determmng the mtake 

value when combined wth toxlcologcal mfOI"nahOn, to assess nsk In thls quditahve 

assessment, specific assumphons wth standard~zed values were used. The major assumphons 

used m this assessment are as follows 

0 

Conshtuent COnCentrahOnS r e m  constant over the exposure penod 

Exposure re~niil~ls constant over ame 

Average concentrahons of conshtuents detected are reasonable eshmates of exposure 
at the exposure pomt 

Exposed populaoons mmam constant over the exposure penod 

No drlUhOn factor for the contarmnants is offered, and they are avzulable for 100 percent 
bio-uptake 

fisks are addme 
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Table 4 9 qU&tahVely desmbes the general assumphOnS used in the nsk assessment, and the= 

0 effect on the nsk assessment. 

4 13 2 Carmorremc f isk uncemhes 

Numerous references promde numerical eshmates of the nsk of fatal cancer mduchon from 

ionmng d a h o n  These eshmates may be a funchon of dose to an mdmdual organ, whole body 

dose, durahon of exposure, or quantity of rdoachve matenal ingested or haled 

A smgle slope factor (EPA, 199Oa) was chosen to estmate Metime nsk of fatal cancer as a 

fUnChOn of the receptor’s hfeme mtake of the mdmdual donuchde Based on a revlew of 

current nsk eshmates, it is assumed that the use of the smgle nsk factor wdl generate an 

OVereShmahOn or underestlmaaon of one order of maptude compared to the use of a situahon- 

speclfic factor 

Because of the low probabhty of cancer mducoon at the levels of human exposure to radmchve 

matenal normally encountered m the enwonment, addIhonal uncertiunhes mse from 

extrapolahng nsk estlmates from much hgher levels, where deletenous effects may be observed, 
to the low levels that are actually encountered. Also, uncertamty results from assurmng a hear 

relahonshp at low levels of human exposure 

0 

Because of gaps m current sclenufk understandmg of radlocarcmogenesis, ra&ologcal cancer 

nsk assessment requms the use of a senes of judgmental decisions on numerous unresolved 

scientlfic issues These judgmental decisions lead to uncertiunhes m cancer nsk assessment 

because major aSSUmphOnS are necessary for data extrapolahon The four mam data 
eXtrapohOnS are drscussed m the followmg 

The extrapolahon of expenmental results across species from laboratory ammals to 
humans 

The tXtrapolahOn of data from hrgh-dose regon of exposure of human or laboratory 
d s  to the low-dose regon of exposure of the general populahon 

The extrapolahon of data across exposure durahons from acute to chromc cases 
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considered to be a non-detect data 
pomt- 
The quahtanve pubhc health 
evaluaaon is based on the ckrmcal of 
concern (Flutomum) only ms may 
represent a subset of the chemicals 
possible at the site 

TABLE 4.9 

LOW 

Moderate 

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION, 
M S S  199, ROCKY FLATS PLANT 

The standard assumpaons reg- 
body weight, penod exposed, We 
expectancy, populaaon CharactenShCS, 
and hfestyle may not be 
RpreSentahW for any actual exposure 
situauon 
The amount of m d a  mtake is 
assumed to be constant and 
representahve of the exposed 
populaaon. 

Assumphon 

Moderate 

Estunate hsk Estmate Rsk 

~~~ ~~ ~~ 

Exposure to contarmnants rem- 
constant over exposure penod 
COnRntrahOn of contaminants 
remans constant over exposure 

May OverNnder- 
Estmate Rsk 

~~~ 

Moderate 

Environmental Samplrng and Analysls 
Sufficient samples may not have been 
taken to charactem the mamces 
bemg evaluated Moderate 
Systemahc or random errors 111 the 
radiochemical analysis may yeld 
emnews data LOW 

All plutomum is avadable for 
mhalaaon 111 respirable-sm partlcles figh 

%nod I fib I 

~ 

Moderate 
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TABLE 4.9 

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION, 
SWMU 199, ROCKY FLATS PLANT 

(contmued) 

Assummon 
May Over- May Under- 

Eshmate hsk m a t e  hsk 
For most C o n G a n t s  all  mtake IS I I 
assumed to come from the mechum 
bemg evaluated 'Ihs does not take 
mto account other contamlnant 
souxces such as &et, exposures 
occurring at locahons other than the 
exposure porn bemg evaluated, or 
other environmental media whch may 
contnbute to the mtake of the 
chemical (1 e ,  relaave source 
contnbuhon is not accounted for) Moderate 

~~ 

Environmental ParametcMeasurement 

May Over/Under- 
Eshmate Risk 

Food does not contnbute to plutomum 
uptake Moderak 
Demal absoqmon of plutomum from 
sod is neglqpble LOW 

Toxicologml Data 
hsks are assumed to be addhve 
hsks may not be additwe because of 
synergsttc or antag0IUShC amons or 
other chemicals Moderate 
Assumes absorpnon is eqmvalent 
across species 'Ihs is Imphat m the 
denvanon of the acceptable mtakes or 
cancer slope factors 111 this 
assessment. LOW 

Extrapolahon of toxlaty data from 
hlgh dose to low dose, and across 
species and ages Moderate 
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The extrapolaaon of data across age groups from adults to chddren or across ethnic 
populahons from Japan to the Umted States 

The uncertsunhes associated wth these four basic data extrapolahons are mherent m EPA slope 

factors for nuhonuchdes and nsk coefficients used m convenhond rdolopcal nsk assessment 

methodology These uncertrunhes m nsk eshmahon are &cussed m the followmg paragraphs 

4 13 2 1 Internal Exmsure 

Uncemnhes m mternal dose calcdahons based on ICFP models anse pnmardy from five 

sources (1) the uncertsunty m reference man data (age- and sex-speclfic Merences and 

biologcal and ethnic vanabhty m anatomcal and physiolopcal parameters), (2) the uncemty 
m the lung and GI tract models descnbmg the translocahon and absorphon of lnhaled or mgested 

nuhonuchdes mto the blood (e g , the uncemty m the anatomcal model of the lung and GI 

tracts and age-speclfic physiologml and morphologcal properties of the models), (3) the 

uncemnty associated with the formulahon of the ICRP (1979) biolanehc models descnbmg the 

dIstnbuhon and retenhon of nuhOaChvIty among the vanous organs m the body (e g , the 

biokmehc models are m a y  based on animal data and often eshmate excrebon inaccurately, the 

growth of radIoachve daughters is usually handled umahshcally), (4) the uncemty m the dose 

models used to calculate the absorbed dose to organs from nuhonuchdes retamed m the body 

(nonuniform dIstnbuaon of the act~wty is normally found m human organs), and (5) the 

uncemnty m the model parameters (e g , absorphon fraChOn [f,], whch contnbute the largest 

uncemnty m the GI tract model, mtake rate, and effechve half-Me) 

Uncemnhes m nsk estmabon from mternal exposure anse from the followmg sources (1) the 
assumpaon of the dose response modcl for eshmahng rdahon-mduced cancer nsks at low doses 

and low dose rates based on data at hgh doses and hgh dose rates, (2) the choice of the nsk 

models, latency penod, and expression penod for vanous types of rahahon-mduced cancers 

beyond the years of observaaon, (3) the age-spec& parameters (nsk coefficients) used for both 

absolute and relahve nsk models rn obtamed from the Japanese atomc bomb suMvor data, 

whch are based on relahve hgh doses and Japanese pOpdahOnS, (4) the use of age-speclfic 

mortahty rates based on data collected m the Umted States m 1970, and (5) the use of m d t y -  
to-mcidence nsk rahOS for vanous types of cancers (Cancer incidence stahsacs are mcomplete, 0 
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and there is a possibdity of drfferences in the relahve frequency of cancer types between 

raogenic cancers and those caused by other factors ) 0 
4 13 2 2 External Exwsure 

Uncertiunhes m external dose calculahons based on the EPA model mse pnmanly from four 

sources Fust, the use of a hypothehcal plane source wth zero-depth &stnbuhon of rdOaChvlty 

111 the slope factor method fads to account for sheldmg by the sod m whch the d0aCtmty is 

deposited. If the radloact~vlty is m f d y  &stnbuted m a 10 cm layer of sod, shleldmg by the 

sod layer can reduce the au dose rate by about a factor of 8 for 0 1 MeV photons, a factor of 
4 or 0 5 MeV photons, and a factor of 3 for photon energes between 1 to 10 MeV Even If the 

d o m l y  muted IadIOaChWty extends to an d i t e l y  thxk sod layer, the au dose rate can be 

reduced by a factor of 7 for 0 1 MeV photons, a factor of 3 for 0 5 MeV photons, a factor of 2 
for 1 MeV photons, and a factor of 1 5 for 10 MeV photons 

Second, the slope factor method does not account for sheldmg promded by roughness of the 

ground surface, IrregUlmheS 111 t e r n ,  or the sheldmg promded by bddmgs Each of these 

factors reduces external dose rates 

Thud, the assumphon of d o m  drstnbuQon of radIoachmty m sod in the slope factor method 

may not always be vahd It has been shown that the sources would have to be approximately 

umfom over &stances up to a few hundred meters from the m&mdual for the au dose rate to 
be accurate for ground surface exposure 

Fourth, the slope factor method employs the factors rehhOn organ dose to au dose from 

mersion rn an mbome plume of photon sources to calculate dose from contammated sod 

sources The assumphon that the mhahon field for the ground suxface some is isotropic and 

has the same energy dlstnbutlon as for the &me mmersion source is not vahd. 

Uncemnhes m nsk eshmahon from external exposure mse from s d a r  considerahons from 
mtemal exposure 
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414 DATANEEDS 

It is evident that sufficient field data are laclang to perform an adequate quantltatlve nsk 

assessment of MSS 199 The followmg quantltatlve mfomatlon would greatly mcrease the 

accuracy of any future nsk assessment Many of the parameten hsted below have been 

quantlfied for the RFP as a whole, however, the apphcablllty of the exlstmg data to MSS 199 

has not been ngorously evaluated, and much of the exlsmg data have not been vahdated An 
early step m the data acqusitlon process, therefore, should be to evaluate the apphcabdity of 

exlstlng enwonmental data from the RFP to IHSS 199 W e  the followmg sectlons descnbe 

some of the addmonal mformatlon whch wdl be requmd to conduct a quantltatlve nsk 
assessment, the MSS 199 RFI/RI work plan wll address these data needs ~tl greater &tad 

0 

4 14 1 Physical Parameters of the Site 

Sod parameters such as sod parhcle size, deterrmnatlon of sod pmcle size fracQon wth whch 

plutomum 1s associated, orgamc content, and bulk density should be determmed. Meteorological 

parameters such as the frequency dutnbutlon of wmdspeed, duectlon and annual stabhty class 

should be collected. Worst case sod and meteorological condmons (1 e ,  those condlaons at the 

site most conducive to plutomum transport) should be identified. 0 
4 14 2 Deterrmnatlon of Fumbve Dust Impact from Remedlal Actlon 

More exact mformatlon of the potenbal for wnd erosion from b m  sod, and the contnbutlon of 

tdhg and remdal actlon should be collected and evaluated. 

4 143 Hydrolorn 

The surface and ground water charactensacs at MSS 199 need to be adequately charactenzed 
as they relate to contarmnant transport Site speclfic data wdl be collected as part of the RFURI 
actlvlty 

4 144 Rdolomcal Charactenzatlon 

The lateral and vertlcal extent and magmtude of plutomum and amencium (and any other 

radlologmil parameters) ~tl sod should be detemed. Addmonal sod cores should be collected 

to detemne the verucal rmgratlon of plutomum in the sod column Transport of plutomum in 
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surface runoff should be assessed. Data art avadable that descnbe plutomum-soil m i n g  by 

prame dogs, however, the ra&oecology of the site has not been adequately charactenzed Biotlc 

samples should be collected to charactenze the extent of contammatron 111 the enwonment 
StuQes should be conducted to deteme If a pathway to humans through the food cham emsts 

for rdonuchdes present 

0 

4 14 5 Other Contarmnants 

Addmonal charactenzaaon of the site for potentd morgamc and orgmc contarmnants needs to 

be conducted. The m d a  of greatest concern are sod, surface water (pnmardy runoff), and 

ground water 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

The review of hstoncal mfonnaaon, the evaluaaon of the remedy effecaveness, and the 

p r e h n a r y  nsk assessment developed m this document mdtcate the followmg 

There does not appear to be any lmrmnent human health hazard posed by MSS 199 
Thls conclusion is pre-ary because of data quahty h t a a o n s  

Plutonium concentmhons measured m some MSS 199 sods dunng past studes and data 
collection aCUVlheS exceed the CDH plutomum standard used by the U S Bstnct Court 
as the lawsmt acreage remedy acaon level The data that support this conclusion, 
however, cannot be vahdated and may not be of comparable quahty, and are therefore 
considered mconclusive 

R e m d a l  acaons mplemented to date on 120 acres of Jefferson County remedy acreage 
have successfully reduced plutomum concentmhons m sod to below the 0 9 pWg (0 03 
Bq/g) acaon level mandated by the lawsmt Settlement Agreement. Attempts to 
restabhze the remdated acreage through revegetaaon have been only 50% successful 
due to msufficient precipitaaon, extremely rocky surfaces and/or clayey sods, intense 
compeaaon from weeds, an expandmg p m e  dog popUlahOn, and the effects of slope 
on sod moisture Speclfic acaons to unprove the revegetaaon effort mclude weed 
control, prame dog suppression, and changes to the revegetaaon seed mutture speclfied 
in the Settlement Agreement. 

Multiple plutonium exposure pathways from MSS 199 were analyzed The pathway 
analysis suggests that the auborne dust mhalaaon pathway is the most si@icant m 
terms of human health nsk under current site condmons Under a future residenaal use 
scenano, the sod mgesaon pathway may also be si@icant Although other exposure 
pathways are not considered si@icant under th~s analysls, all  pathways wdl be 
addressed under scheduled RFURI acavlaes at MSS 199 

Although the actual receptor exposures could be expected to vary, the completed 
exposure pathways are the same for pre-remedy, remedy mplementaaon, and post- 
remedy condmons at MSS 199. If the remedy 1s successfully mplemented, however, 
the concentmaon of plutomum avdable for transport as avborne dust wdl be reduced 
through h h g ,  and the probabhty of occurrence for the arrborne dust pathway wdl be 
reduced through revegetaaon 

The control measures used to reduce off-site mpacts d m g  remedy mplementaaon at 
MSS 199 appear to have been effecave Avdable data from au samplers set up 
immdately downwmd of the remedy acreage dunng remedy mplementaaon and arr 
momtomg staaons 111 populated areas downwmd of the acreage show no mcreases m 
auborne plutomum d m g  or after r e m d a l  achOnS taken to date 

RFPaprl99 r 113 051791 



To confirm the above conclusions, it is recommended that addmonal site data, mcludmg 

meteorologcal parameters, surface and ground water charactenzaaon, biologcal uptake, and 

concentraaons of plutomum and other rdonuchdes m all meha be obtamed. Further sod 

samplmg should be performed to confirm or negate conclusions concemmg plutomum and 

amencium concentmuons m sod at IHSS 199 A quanataave nsk assessment can then be 

performed to quantlfy the Mferences 111 potent~al nsk to human health between the pre-remedy, 

remedy mplementaaon, and post-remedy situaaons These data collecaon acavlaes WIU be 

mtegrated mto the RFVRI 

e- 
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I 1.0 INTRODUCTION 

A baseline human health nsk assessment has five basic components, these are 
0 

' e  

Data COlleChOn and evduahon 
Exposure assessment 
Toxlcity assessment 
Rukcharacterizaaon 
Uncertmty Analysis 

Each of these facets of a nsk assessment need to be performed rn an appropmte manner so that 

a qUanhtahVe nsk assessment is pedormed. 

Thls sechon exammes the "Data COlleChOn and Evaluahon" that has been performed on 

IHSS 199 wth respect to WA's Guidance for Data Useabhtv in h s k  Assessment (EPA 

540/G-90/008), dated October 1990 The followng mtena were used to evaluate and compare 

hlsmcal data 

1 Was an adequate conceptual model of the site rncludedv 

2 were data quahty objechves stated? 

3 Were key site charactemhcs documented? 

4 Were all appmpnak medlsl sampled? 

5 Were all key areas sampled? 

6 I)ld samphg rnclude medla along potenaal mutes of rmgraaon? 

7 Were samphg locations consistent with the nature of COntarmnahOn? 

8 Wen samphg efforts consistent with field screenmg and vlsual observahons 111 

locating hot spots? 

9 Were demled samphg maps prowded, mcludmg the locaoon, type and numencal 
code of each sample? 

10 Did samphg rnclude appropmte QNQC measures? 

11 Were background samples collected from appropmte areas? 1. 
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12 Were any site-related chemcals elimnated from analysis wthout appropnate 
just&aaon? 

13 Were appropnate analyacal methods employed for collecaon data? 

14 I>ld the data meet the stated data quality objechves? 

15 Were appropnate data qualdiers used for the analytml data? 

The results of thls evaluation are summanzed rn thu appenduc under Data Useabdq Worksheets 
In rewewmg these worksheets it became clear that the avadable data would not support a 
quanataave nsk assessment. Thexefm the nsk assessment that was developed for MSS 199 was 

performed to detemme If there was the presence/absence of an lmmlnent hazard to the pubhc 

A second goal was to i d e n e  data needs for a future workplan that would drrect r e m d a l  

mvesagaaon (FU) data collecaon 

Some mherent u n c e m t y  is associated wth any numencal nsk coefficient calculated m the 

development of a health nsk assessment The hstoncal data were not mtended for use m a 

QUantitahVe nsk assessment and therefore meets few of the current standards for data useabhty 

as outhed m the EPA Gudance Document for Data Useabhty m k s k  Assessment (1990) All 

the data rewewed attempt to charactenze the locaaon and magmtude of the sod concentraaon of 
239 Pu (source term) at site 199 The source term is the hchpm upon whlch any nsk 
assessment is based, and If the data cannot adequately be defended as vdd, a quantltaave nsk 
assessment that has any vallchty 1s Mpossible to perform None of the IHSS 199 data rewewed 

meets the muumum cntena of data useab&ty Instead, a prelmmary quahatwe nsk assessment 

has been developed that evaluates the relative maptude  of the source term, and whether human 
receptors are currently expenencmg any m e n t  hazard from thu source term. 

@ 

The followmg documents are hsted m Appendm D, but they were not rewewed agmst all of the 

Cntena found 111 the data useabhty gudance document due to the lack of m f m a h o n  c o n w e d  

wthm them 

D-6 Rockwell International, "Companson of Au Sampler Staaons" 

D-12 Rockwell Internaaonal, "Remedd Action An Samphg Results" e 
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D- 13 Rockwell Internahonid, "Statlon of Remdal Achon on Jefferson Couny Lands 
East of hdma" 

D-14 Rockwell hternahond, "Status of Remedial Achon Program on Jefferson 
County Open Space Land 

D-15 EG&G Rock Flats, "Jefferson County Remedlal Achon Lands 1989 
Remedlahon Status and Achons for 1990" 

D-16 EG&G Rocky Flats, "Jefferson County Remedlal Achon Lands Annual 
Report 

The followmg approach to the data useabhty evduahon for MSS 199 is taken from the EPA 

Guidance Document for Data Useabhty 111 Ruk Assessment 
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2.0 REPORT TO RISK ASSESSOR 

As stated rn the EPA Gudance for Data Useability rn k s k  Assessment, the m u m  data, 
documentanon and report matenals needed to prepare a nsk assessment are 

A deSCrIphOn of the site, mcludmg a detaded map showmg the locanon of each 
sample, the site locauon rtlauve to surrounbg s t ruc~es,  tenam features, receptor 
populaaons, rndxauons of rn and water flow, and a descnpaon of the operaave 
rndustnal process (lf any) 

A descnpnon and ranonale of the sample design and samphg procedms 

A descnphon of the analyacal methods used 

Results for each analyte and each sample, quallfied wth respect to andyhcd 
hIIUtahOnS 

Sample-speclfic qUanntatiOn hmts (SQLs) and detection h t s  for undetected 
analytes, wth an explananon of the detecaon lmuts reported and detectton h t  
quallficanon for analyt~cal h t anons  

A narraove explananon of the level of data rewew used and the resulMg data 
quaMiers mdxatmg duecoon of bias, based on the assessment of the results from 
quahty control samples (1 e , blanks, duphcates, and field and laboratory splkes 

A desmpnon of field con&nons and physical parameter data as appropnate for the 
medla mvolved 111 the exposure assessment 

As stated rn the guidance document, d any of thls d o m a o n  is not avolable and cannot be 
obtamed, it may not be possible to perform a qUanntahVe basehe nsk assessment 

Sod Sample Collection and Analysis for Plutonium on Lands Adjacent to Great Western 
Reservoir for the Oty of Broomfield, Apnl 10,1985, prepared by C T Illsley, contams many of 
the data quahty quwements necessary to perfonn a quantitatwe nsk assessment However, the 

sod samphg locanons were taken for Sites 200 and rn areas that overlap site 199 and therefore 

may not be wholly apphcable "Ius report does have sigmfkant data gaps, such as measured 
concentranons of 239 Pu only rather than all rdonuchdes common to RFP Data quwiers such 
as the lower h u t  of detecuon (LLD) and m u m  detectable achwty (MDA) also were not 

listed. ' 0  
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"RemedA Acaon Program on Jefferson County Open Space, January 15,1987," prepared by C T 

Illsley, is the only IHSS 199 speclfic document rewewed that comes close to meetmg data quahty 

objectlves Other documents rewewed do not even meet the basic data quahty objecaves 

However, even th~s document has si@icant data gaps such as LLD or MDA not hsted, no 

sampling dates or cham of custody, measured concentraaons of 239 PU only rather than all 

mhonuchdes common to RFP, etc. 
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3.0 ASSESSMENT OF DOCUMENTATION 

Accodng to the guidance document three types of documentauon must be assessed Chm-of- 
0 

I 

Custody records, Standard Operatmg Procedures, and field and analyucal records 

Chamof-custody records must document the sample locaaons and the date of samplmg so that 

sample results can be related to geographc locaaon and to specfic sample contamers If a 
sample result cannot be related to a samphg date and the point of sample collecnon, the results 

are unusable for a quanbtaave nsk assessment Full scale cham-of-custody procedures (extendmg 
from sample collecaon through analysis) are not requved for nsk assessments, although they are 

requd for other purposes, such as enforcement or cost recovery 

In all cases, the repcnts reviewed had no chamof-custody records Sample locaaon records were 

poor, and samphg dates were not mcluded As stated above, If samphg results cannot be 

related to a samphg date and the pomt of sample collectlon, the results are unusable fur a 
quanutawe nsk assessment 

No field or analytlcal records wem rncluded wth the documents reviewed, nor were SOPs 

avadable to allow cornpanson of the field and analybcal records for each report. Smce SOPs 

were not mcluded, it is lmpossible to detemne the level of systemahc and random error 

associated with samphg and analysis wthm any of the reports reviewed. 
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4.0 ASSESSMENT OF DATA SOURCES 

Mmmum analyhcal data reqmments for a nsk assessment as stated m the gudance document 

shpulate that one sample per medfum exposure pathway be analyzed usmg a broad spectrum 

analyacal techmque, such as GC-MS methods for orgamc analytes, or ICP for morgamc analytes 

The lack of a broad spectrum analysis for any samples at MSS 199 from a fmed laboratory 

source nsults m an mcreased probabhty of false negahVeS because all chemcals of potentd 
concern at the site may not be idenhfied. In the absence of a broad spectrum analysis, the best 

correctwe acuon is to collect addmond samples Smce addmond samples have not been 

obmed from MSS 199, the probablllty of false negahves and posihves should be considered 

hgh Therefore the level of c e m t y  in perfomg a quanhtahve nsk assessment is greatly 
decreased. 

e 

Field measurements of physical charactenshcs of the site, mdum, or contarmnahon source are 

cnhcd data, whose omssion can si@cantly affect the vah&ty of a quanhtahve nsk assessment 

Physical site Informahon is reqmd to perform exposure fate and transport modelmg Examples 

of such data are parhcle sne, pH, clay content and porosity of sods, wmd k t r o n  and speed, 

topography and percent vegetahon The EPA ksk Assessment Gudance (RAGS) descnbes 

m u m  field measurements to be collected for site charactenzahon RAGS Exhlbit 4-2, 

"Examples of Modehg Parameters for Whlch h f O m X I h O n  May Need to be Obmed Dunng a 

Site Samphg InVeShgahOn," prowdes a list of data elements accordmg to me&um modehg 

category If not collected dunng samphg, these parameters cannot be deterrmned The use of 

default ophons and rouhnes to eshmate mssing values allows the use of the model but increases 

the uncertsunty associated wth the exposure assessments 

0 

Although large amounts of thls data emst for the RFP, none of the above parameters have been 

charactenzed for MSS 199 The lack of field measurements duectly apphcable to M S S  199 

greatly reduces the level of certamty m the performance of a quanhtahve nsk assessment 

Therefore general statements concemg physical site Informatton were uhhzed for the quahtahve 

nsk assessment 
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I 5.0 ANALYTICAL METHOD 

A cnacal facet of data useabhty as descnbed 111 the pdance document requlres that the 
analyacal methods used to measure plutomum contarmnaaon m sod have sufficient quahty 
control measures budt mto the sample collecaon and analysls The preparaaon of samples pnor 
to COUnMg is an important consideraaon, whch is a mula-step process that acheves the 

followmg objecaves (1) the destrucaon of the sample matnx to reduce alpha-and beta particle 

absorpaon, (2) the separaaon and concentraaon of ra&onuchdes of merest to mcrease resoluaon 

and sensiawty, and (3) the preparaaon of the sample ~tl a sutable form for countmg 
Appr0pnc.e ra&oacave tracers must be selected and added to both the field and laboratory 
samples before a dochemcal  procedure is uuaated. Of the documents remewed, only the 
Illsley 1987 report paraally descnbes the above methods used for rahochemcal analysis Most 

of the documents rewewed do not state whether analysis was performed by a laboratory 
paracipatmg m the EPA Enwonmental Woacave Intercompanson Program, whch prowdes 

quahty assurance oversight for rdaaon measurement laboratones 
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I 6.0 DATAREVIEW 

The EPA Data Useabhty Gudance Document hsts two mtena for data rewew, that of e 
, tunelmess, and the level and depth of rewew The first cntena is of httle mportance for h s  

project, but the second cntena is a cnhcd factor that the data must meet for it to be used 111 the 
nsk assessment. A statement concernmg the data revlew process is absent from all  documents 
that were used to develop the quahtatwe nsk assessment. The tunelmess, level, and depth of 

rewew is unknown It can be assumed that all documents went through a normal quahty 

assurance rewew, but even this is not stated. It is unclear If computer algorithm programs were 
vahdated, or d data entry was checked Therefore based on the data rewew process cntenon, 

a l l  documents would be rejected. 
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I 7.0 ASSESSMENT OF SAMPLING DATA QUALRY INDICATORS 

As stated m the Guidance Document, five basic data quahty m&cators must be assessed pnor 0 
to uhhzmg data m a qUanhtahVe nsk assessment. 

1 Completeness 
Completeness is a measure of the amount of useable data resulhng from data COllechOn achvlhes 
A deSCnphOn of the number of samples requued to adequately charactenze each me&a should 
be mcluded that at a m u m  references Standard operahng Procedures (SOPS) and the 
Samphng and Analysis Plan (SAP) 

The Illsley document uses the methodology of collechng a large number of sample locahons per 
sector and composihng these mto one sample per sector Although h s  is an accepted 
methodology for sod sample collechon over large areas, not enough documentahon was made 
avadable to determme If a sufficient number of samples were collected to adequately charactenze 
the site 

2 ComDarabdity 
Comparabdq expresses the confidence wth whch data are considered to be equvalent 
b d y h C d  methods and samphg protocol must be stated m each report to allow companson of 
each of the data sets, smce field and laboratory vanabhty may sigmficantly affect the results 

None of the reports rewewed are judged to be adequate based on an exammaaon of 
comparabhty, smce sample design and analyhcal methods vary greatly between reports 

1 0 
3 Representahveness 
Representahveness expresses the extent to which data defme the nsk to human health and the 
enwonment. Samples must be collected m a way that generates data whch reflects the site 
charactenshcs, and must be analyzed m a way whch represents the properhes of the field 
sample Lack of representanveness m the medta sampled may result m the detechon of false 
negahves and may cause the omssion of potenhd exposure pathways m the nsk assessment 

Although sample preparahon procedures were s i d a r  for some of the reports, it is shll unclear 
whether the process of composihng subsamples m each sector produces a sample data set 
representahve of the exposure area m queshon hfofmahOn concernmg hgher concentranons 
and hot spots is lost when analymg sod composites 

4 Precision 
Precision is a measure of the vanabhty of a set of measurements compared to the mean and is 
usually reported as a coefficient of vanatIon or a standard devlahon of the anthmehc mean 

Here agam, it is mpossible to compare the data sets of the reports avadable for MSS 199 
because of the large vanabhty m precision of the analyhcal results The two basic BCtIvlheS 
performed m the assessment of precision are eshmatmg sample vanabhty from the observed 
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I spaual vanauon and esomatmg the measurement e m  attnbuted to the data collecuon process 
Neither one of these can be accomphshed for IHSS 199, gven the mformaoon presented m the 
reports and leads to an unacceptable level of uncertrunty Therefore, the estmauon of the 
average concentrauon of Pu may not be representatwe of the site 

@ 
5 Accuracy 
Accuracy is controlled pnmanly by the analytical process and is reported as bias The sample 
design plan and sample collemon plan relates h t l y  to thls bias, and smce neither of these 
documents were mcluded for rewew, it is mpossible to detemne the accuracy of the reports 
The esumate of accuracy is further compromsed by the exclusion of data relatmg to field and 
laboratory spdce results Smce an estrmauon of the accuracy of the data cannot be performed, 
the data should not be mcluded for use m a quanutauve nsk assessment. 
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8.0 APPLICATION OF DATA TO RLSK ASSESSMENT 

The Data Useabhty worksheets provlded in Appendut A prowde a demled exammatlon of the e 
data quahty across the vanous assessment phases To summanze the data and deterrmne 
useabhty the followmg four quesbons are apphed to each data report, lncorporatmg the data 

useabhty cntenon evaluated m the worksheets These questlons axe taken h c t l y  from 

Chapter 6 of the EPA Gllldance Document for Data Useab&ty 

CRITERION 

1 What contammaon 1s present and at what 
levels? 

2 Are srte concenuahons sufficiently 
Merent from background? 

3 Are all exposure pathways idenafied and 
exarmned? 

4 Are exposure pathways fully 
Charactenzed? 

SUMMARY 

Analymal methods, data rewew, ana lyhd  precisron 
and accuracy combme to allow for a pmbabhty of 
false negahves 

Cntenon not met 

Although background measurements were not 
collected, the levels of Pu present are greater than 
what can be ambuted to world-wde Eallout. 
Therefore it IS assumed that the plutomum measured 
atIHSS 199mgmtedhmtheRFP 

Cntenon met. 
The nature of the pathways to be exarmned 1s 

cnucal to the CharacterIzahOn of nsk at the srte 
None of the documents rewewed prowde 
idenhficahon of exposure pathways 

Cntenon not met. 

To be fully chatactenzed, the exposure pathway 
must have been appqmately sampled Data 
Quality In&catm such as completeness, 
comparabhty, representatwencss, precwon, and 
accuracy all must be wthm acceptable huts for the 
exposure pathways to be ~ccutately charactenzed 
The mfonnahon ltsted above IS lackmg ur all of the 
documentauon prowded 

Cntenon not met. 

Smce none of the documents meets the basic cntenon of data useabfity a quanotatwe nsk 

assessment based on such data would not yeld useful results and would not be defensible 
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I 9.0 SUMMARY 

An exammaaon of the data avadable for MSS 199 mdlcates that few of the cntena found m the 
e 

EPA Guidance Document for Data Useabfity are met The data collected were of lrrmted quality 
and specificity, a samplmg design program was not uuaated to collect representaavc samples 
from all medta and exposure pathways, and no memgfu l  statlstlcal analysis were conducted on 

the data set pnor to pubhcatlon of the reports, includmg Data Quality Indcators and sample 

speclfic quanatahon h t s  (SQLs) 

Therefore, based on the mce found m the Data Useabduy for ksk Assessment only 
quahtatlve statements concemmg nsk are possible These statements are based on hstoncal 

mformahon and the general behawor and transport of plutomum m the tnmnment  No 

numencal measws can be denved to mdrcate the po tend  for adverse effects, and the level of 
cemnty cannot be assessed. The nsk to human health may thus be considered only 111 

qualitatwe terms, which by the reference document is an acceptable method when data do not 

support a more ngorous quantttatlve analysis 
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TABLE Al . l  

Selected radionucllde concentrations (including 
plutonium) in soil samples collected in August, 1976 

~ from 25 sites wtthin and around IHSS 199 

DATA SOURCES 
OPERABLE UNIT NO. 3, IHSS 199, ROCKY FLATS PLANT 

Plutonium and cesium437 concentrations in soil 
, samples collected in 1977 from sltes wthin and 
, around IHSS 199 

Data Source 

I Plutonium concentrations in soil samples collected 
in 1976 and 1977 from sltes within and around IHSS 

~ 199 

United States Atomic Energy Cornmison, 
"Plutonium in Soil Around the Rocky Flats Plant," by 
P W Krey and E P Hardy, Health and Safety 
Laboratory USAEC, New York, NY, HASL-235,l 
August 1970 
Dow Chemlcal USA, "Soil Sampling East of Indiana 
Avenue," by R W Loser and R L Tibbals, Product 
and Health Physlcs Research Sewlce Report No 
31 7-72-1 86.29 November 1 972 

Rockwell International, "Disclosure to the Clty of 
Broomfield," 22 January 1985 

Rockwell International, "Results of Special Soil 
Samples Collected Adjacent to the Rocky Flats 
Plant Site," by C T Illsley, Environmental Analysis 
and Control, ES-376-77-201,7 September 1977 
(revised 30 November 1979) 

Page 9 Average plutonium concentrations in soils 
on City of Broomfield acreage at IHSS 199 Page 
15A Average annual plutonium concentrations in 
air and soil wlthin and around IHSS 199 

Colorado Department of Health, "Radioactnre Soil 
Contamination (Cesium-137 and Plutonium) in the 
Environment Near the Rocky Flats Nuclear 
Weapons Plant," September 1977 
Rockwell International, "Plutonium Concentrations in 
Soil on Lands Adjacent to the Rocky Flats Plant," by 
C T lllsley and M W Hume, Energy Systems 
Group, LPR-1,16 March 1979 

Nature of Data 
Plutonium concentrations in soil samples collected 
in early 1970 from 33 sits extending as far as 40 
miles from Rocky Flats Plant, including sites within 
and around IHSS 199 

Plutonium concentrations in soil samples collected 
on November 17,1972 from 20 sites wlthin and 
around IHSS 199 

Rockwell International, "S 
Analysis for Plutonium on 



TABLE A1.2 

PLUTONIUM IN SOIL AROUND THE ROCKY FLATS PLANT, APRIL 1,1970 

B SOPS 

Data Renew 

Dul Qulllty In&- 

A. Completmar 

1 - -  
Uac CDH 1977 No field meumanent data wadable for nte mrh u mu& am. 
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TABLE A 1 3  

COMMllTEE EVALUATION OF PLUTONIUM LEVELS 
WITHIN AND SURROUNDING RFP, JULY 9,1971 

1 

- 
2 

Asresm 

B SOPI 

h h W  

c. Reprcsart.tlvmer1 
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TABLE A1.4 

SOIL SAMPLING EAST OF INDIANA AVENUE, NOVEMBER, 1972 

B SOPI N o d a c n p l c m o f r r m p L n l ~  proceduruanuted. 

C F i e l d d  No field logs anw h ivul.bla Mechon md dadkumo d umplmg pomt~ 
AdpcdReaml~ notdoarmmted 
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TABLE A l J  

C. Freldlad 
Analyncd Recordr 

D m  sourer 
A. Analyncd 

B N ~ a - d y t d  

RADIO ACTIVE SOIL CONTAMINATION IN THE ENVIRONMENT NEAR 
THE ROCKY FLATS NUCLEAR WEAPONS PLANT, CDH 1977 

NofieldbgranwdataavulrMe Nochundcunodyrecads SelecMamd Reject 
idcna6anm of umphng panu not docummted No doarmartrtloa ccammmg 
devlrtlon fmn mmplmg md arulynr plan or -dud openhog pmcedums 

Mytd data rerulu reponed u avenges nthn thrn mcludmg hot rpoc v d u a  
Smpier d y z d  fa 239 PU and 147 CI only No chemrcrl d p s  performed? 
Sol- ckrs  fa  a PU na detcrmmed 

No 6eld munarmaat data available fa ute such u put& -, pH. day content, 

Reject 

Reject 
Pomuty drapz -m. topognphy, rerpy.ble Flmctl- ofm deph d 

B SOPI 

I I 

- 
5 
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TABLE A1.6 

RESULTS OF ANALYSIS FOR SPECIAL SOIL SAMPLES COLLECTED 
ADJACENT TO THE ROCKY FLATS PLANT SITE, SEPTEMBER, 1977 

No raw uvlytlaldpr plonded. ally data summanes N o w  or hot spot dpr 
plrmded ally avenges D.t. reported as dlmtegratIm1 per mrrmte per gnm o f  
roll sunplea not d y z e d  for 241 Am 

canbmed 

Relect 

Reject 

Anrlytlcrl 

canbmed 
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TABLE A1.7 

PLUTONIUM CONCENTRATIONS IN SOIL ON LANDS 
ADJACENT TO THE ROCKY FLATS SITE, MARCH 1979 

a 

I 

E Accuncy 'The repat (u1u a plutoaurm mca wu 236PU wu died totbe roll samples rftn 
mmpoatuq to deremrme perant ~CCOVCIY However. no tracer wu ulded to thc 
field umplu to UNIC 100% recovery dunng the roll collecoon d canpoupmg 

canbmcd 
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TABLE A1.8 

DISCLOSURE TO THE CITY OF BROOMF'IELD, JANUARY 22,1985 

- 
3 Dursourcu 

A Anrlytlul 

A Completeners I_(_ 
I lcanbmed IRelect 
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TABLE A1.9 

SOIL SAMPLING COLLECTION AND ANALYSIS FOR PLUTONIUM ON LANDS 
ADJACENT TO GREAT WESTERN RESERVOIR 

FOR THE CITY OF BROOMFIELD APRIL 10,1985 

Dur UIUhtty Cmm 

3 Dursaucu 
A Analyncd I 
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TABLE A1.10 

REMEDIAL ACTION PROGRAM ON JEFFERSON COUNTY OPEN SPACE LAND IN 
SECTION 7, T2S, R69W SOUTH OF GREAT WESTERN RESERVOIR JAN. 15,1987 

Data Uwatahty Cmm 

A WP/sApIoApiP 

B SOPI 

B N~a-pnrlytrcrl 

Data Remew 

6 Data Qlwluy Iu- 

A. Completeness 

C Represmtrtlvcner~ 

E Accuncy The repat rtrtu a plutoourm tnar w u  236PU w u  ukied tothe roll mnplu rfter 
componhns to duenume percent recovery However, no tracer w u  added to the 
field aamplu to urn 100% reawery dunug the roil collectwo rad canpontmg 
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TABLE Al.11 

SPECIAL REPORT 1989 CDH SURFACE SOIL SURVEY RESULTS 

2 

- 
3 

B SOPI Reject 

C Repmcntrtlvmesr t- 
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1.0 THE NATURE OF RISK ASSESSMENT 

Regulatory acaons are based on two Qsunct elements, nsk assessment, the subject of th~s study, 
e 

and nsk management k s k  assessment is the use of the factual base to estmate the potenbal 

health effects of possible exposure of mdmduals or populaaons to hazardous matenals and 

situaaons Ruk management is the process of weighmg pollcy alternames and selectmg the most 

appropnate regulatory acaon, mtegratmg the results of nsk assessment wth enpeenng data and 

wth socd, economc, and pohncal concerns to reach a decision 

Ruk assessments contam some or all of the followmg five steps 

Hazard identrficabon The evaluabon of whether a pmcular chemcal is or is not 
causally Wed to pmcular health effects 

Dose-response assessment The evaluaaon of the relaaon between the magmtude 
of exposure and the probabhty of occurrence of the health effects m quesuon 

Exposure assessment The evaluaaon of the extent of human exposure before or 
after apphcanon of remedtal controls 

Risk characterizaaon The descnpaon of the nature and often the magnitude of 
human nsk, mcludmg attendant uncemty 

Uncertamty analysis 

In each step, a number of decision pomts (components) occur where nsk to human health can 

only be inferred from the avadable evldence Both scientific judgements and pollcy choices may 

be mvolved m selectmg from among possible mferenaal bndges, therefore the tern "nsk 

assessment pohcy" is used to Merentme those judgements and choices fiom the broader social 

and economc pohcy issues that are mherent m nsk management decisions 
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2.0 TERMINOLOGY 

Despite the fact that nsk assessment has become a subject that has been extensively discussed 
* 

m recent years, no standard defimhons have evolved, and the same concepts are encountered 

under Mferent names The followmg secaons &scuss the vanous terms and components 
common to nsk assessments and nsk management studes 

2 1 RISK ASSESSMENT AND RISK MANAGEMENT 

k s k  assessment is used to mean the charactenzahon of the potenhd adverse health effects of 

human exposures to enwonmental hazards Rzsk assessments mclude several elements 

descnption of the potential adverse health effects based on an evaluation of results of 

epidemologc, c h c a l ,  toxlcologc, and enwonmental research, extrapolahon from those results 

to p d c t  the type and estima& the extent of health effects m humans under gwen condmons of 

exposure, judgements as to the number and charactensacs of persons exposed at vanous 

mtensities and duranons, and summary judgements on the exlstence and overall maptude of the 

pubhc-health problem. R~sk assessment also mcludes charactenzanon of the uncemhes 

herent m the process of d e m g  nsk. e 
The term nsk assessment is often gven narrower and broader memgs  than adopted here For 

some observers, the term is synonymous wth quantitatm nsk assessment and emphasizes 

rehance on numencal results A broader definition mcludes quanafication, but also mcludes 

quahtauve expressions of nsk. Quanntatwe esmates of nsk are not always feasible, and they 

may be eschewed by agencies for pollcy reasons Broader uses of the tern also embrace analysis 

of perceived nsks, compansons of nsks associated wth Merent regulatory strateges, and 

occasionally analysis of the economc and social mphcahons of regulatory declsions -- funchons 

that are assigned to nsk management. 

The tern nsk management is used to descnbe the process of evaluatmg altername regulatory 

achons and selecmg among them Rzsk management, whch is camed out by regulatory agencies 

under vanous legslatwe mandates, is an agency deasion-makmg process that e n d s  

consideration of pohtical, soclal, econormc, and enpeermg dormahon wth nsk-related e 
B-2 051791 RFPqr200 b 



mformatlon to develop, analyze, and compare regulatory opaons and to select the appmpnate 

regulatory response to a potenaal c h m c  health hazard. The selecaon process necessanly 

requlres the use of value judgements on such issues as the acceptabhty of nsk and the 

reasonableness of the costs of control 

e 
2 2 RISK ASSESSMENT COMPONENTS 
Ruk assessment can be &vldcd mto four major steps hazard idenflicaaon, dose-response 
assessment, exposure assessment, and nsk charactenzaaon A nsk assessment mght stop wth 

the first step, hazard idenaficahon, If no adverse effect is found or If an agency elects to take 

regulatory acaon without further analysis, for reasons of pohcy or statutory mandate For thls 

site, the hazard idenflicaoon, although mcomplete, has dehtely estabhshed that plutomum is 
present, and thus must conmue through the subsequent steps 

Of the four steps, hazard identlficaaon IS the most easdy recopzed m the acaons of regulatory 

agencies It is defmed here as the process of deterrrrrmng whether exposure to an agent can cause 

an mcrease m the mcidence of a health condmon (cancer, buth defect, etc) It mvolves 

charactenzmg the nature and strength of the evldence of causaaon Although the quesaon of 

whether a substance causes cancer or other adverse health effects is themhcally a yes-no 

quesaon, there are few chemcals on whch the human data are & h a v e  Therefore, the 

quesaon is often restated m terms of effects m laboratory ammals or other test systems, e g , 
"Does the agent mduce cancer m test d s 7 "  Posihve answers to such questions are typically 

taken as evldence that an agent may pose a cancer nsk for any exposed humans Informaaon 

from short-term m vltro tests and on structural s d a n t y  to known chermcal hazards may also 

be considered 

@ 

Dose-response assessment is the process of charactenzmg the relaaon between the dose of an 

agent admustered or received and the mcidence of an adverse health effect m exposed 

populatlons and esamamg the mcrdence of the effect as a funcaon of human exposure to the 

agent It takes account of mtensity of exposure, age pattern of exposue, and possibly other 

vanables that mght affect response, such as sex, hfestyle, and other m-g factors A dose- 

response assessment usually requves extrapolaaon from hgh to low dose and extrapolaaon from 
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d s  to humans A dose-response assessment should descnbe and justify the methods of 
extrapolation used to p d c t  mcidence and should charactenze the stamtical and biologrc 
uncewnties m these methods 

Exposure assessment is the process of measunng or estmatmg the mtensity, frequency, and 

duration of human exposures to an agent currently present m the enwronment or of estunatmg 

hypothetical exposures that mght anse from the release of new chemcals mto the enwonment 
In its most complete form, it descnbes the maptude, duration, schedule, and route of exposure, 
the size, nature, and classes of the human populations exposed, and the uncemties m all 

estmates Exposure assessment is often used to idenhfy feasible prospecave control options and 

to prexhct the effects of avadable control technologes on exposure 

h s k  charactenzation is the process of estimatmg the mcidence of health effects under the vanous 

condmons of human exposure desmbed m exposure assessment It is performed by combmng 

the exposure and dose-response assessments The summary effects of the uncertamties m the 
precedmg steps are descnbed 111 this step 

The relations among the four steps of nsk assessment and between nsk assessment and nsk 
management are depicted m Figure B-1, The type of research mformation needed for each step 
is also illustrated 
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3.0 SCIENTIFIC BASIS FOR RISK ASSESSMENT 

3 1 STEP 1 HAZARD IDENTIFICATION 
a 

Although the nsk assessment process as it is currently pracaced by federal agencies for the 

estimabon of carcmogemc nsk contams several relaavely new features, the scient& basis for 
much of the analysis done m nsk assessment is well estabhshed. This 1s especially true of the 

first step m the assessment proccss, hazard idenafkaaon Four general classes of mformaaon 
may be used m thls step. epidemolop data, d - b i o a s s a y  data, short-term stuQes, and 
compansons of molecular structure 

3 1 1 EDidemologlc data 

Well-conducted stu&es that show a posihve associahon between an agent and a Qsease are 

accepted as the most conmcmg evldence about human nsk This evldence is, however, Wficult 

to accumulate, often the nsk is low, the number of persons exposed is small, the latent penod 

between exposure and &sease is long, and exposures are nuxed and mulaple Thus, 
epidemtologc data requm careful mterpretaaon Even If these problems are solved saasfactonly, 

the preponderance of chemtcals ~tl the envmnment has not been stuQed wth epidemologx 
methods, and we would not wsh to release newly produced substances only to Qscover years 

later that they were powerful carclnogemc agents These b t a a o n s  reqwre rehance on less 

dvect evldence that a health hazard emsts 

@ 

3 1 2 Animal Bioassay Data 

The most commonly avdable data m hazard identlficatton are those obtamed from anmal 

bioassays The mterference that results from animal expenments am apphcable to humans is 

fundamental to tomcologc research, thls premse underhes much of expenmental biology and 

medrcine and is logmilly extended to the expenmental observaaon of carcmogemc effects 

Despite the apparent v&Qty of such mferences and thelr acceptabhty by most cancer 

researchers, there are no doubt occasions in whch observahons m anunals may be of hghly 
uncemn relevance to humans 
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I Consistently positive results m the two sexes and m several strsuns and speaes and higher 

e mcidences at hgher doses consutute the best evidence of camnogemcity More often than not, 

however, such data are not avadable Instead, because of the nature of the effect and the huts  

of detecaon of m a l  tests as they are usually conducted, expenmental data leadmg to a posiave 
f m b g  sometunes barcly exceed a statistical threshold and may mvolve tumor types of u n c e m  

relaaon to human carcmogenesis Interpretaaon of some d data may therefore be Mficult 

Nowthstandmg uncemaes associated wth interpretauon of some d tests, they have, in 

general, proved to be rehable mdcators of carcmogemc propcmes and wdl conanue to play a 

pivotal role m efforts to idenw camnogens 

3 1 3  Short-Term Studes 

Considerable expenmental evldence supports the proposition that most chemcal carcmogens are 

mutagens and that many mutagens are carcmogens As a result, a posiave response m a 

mutagemcity assay is s u p p v e  evldence that the agent tested is Uely to be carcinogemc Such 

data, m the absence of a posiuve d bioassay, are rarely, rf ever, sufficient to support a 

conclusion that an agent is carcmogemc Because short-term tests are rapid and mexpensive, they 

are valuable for screenmg chemcals for potentlal camnogemcity and lendmg addltlond support 

to observaaons from anunal and epidemologx mvestlgatlons 
1 0 

3 1 4 CornDansons of Molecular Structure 

Compansons of an agent’s chemcal or physical propemes wth those of known carcmogens 

provldes some evldence of potend carcmogemcity Expenmental data support such associaaons 

for a few structural classes, however, such studes are best used to iden* potenaal carcmogens 

far further mvestigation and may be useful m pnmty-settmg for carcmogemcity tesang 

3 2 STEP 2 DOSE-RESPONSE ASSESSMENT 
In a small number of mstances, epidemologx data pemt  a dose-response relation to be 
developed dmctly from observaaons of exposure and health effects m humans If epidemologc 

data are avadable, extrapolatlons from the exposures observed m the study to lower exposures 

expenenced by the general populaaon are often necessary Such extrapolaaons mtroduce 

uncemnty mto the esamates of nsk for the general popdahon Uncertarnaes also anse because 

RFPqr2OO b B-7 051791 



the general popUlahOn mcludes some people, such as chddren, who may be more suscepuble than 

p p l e  in the sample from whch the epidemologc data were developed. 

The absence of useful data is common for most chemcals bemg assessed for carcmogemc effect, 

and dose-response assessment usually e n d s  evaluatmg tests that were performed on rats or mce 
The tests, however, typically have been designed for hazard identdicaQon, rather than for 

determtnmg dose-response relauons Under current tesung pracuce, one group of d s  is 
gwen the hghest dose that can be tolerated, a second group is exposed at half that dose, and a 
control group is not exposed. (The use of hgh  doses is necessary to maxlIIllze the sensiuwty 
of the study for detemunrng whether the agent bemg tested has camnogenic potenual) A 

fmdmg in such stu&es that mcreased exposure leads to an mcreased madence has been used 
pnmanly to cofiobotate hazard identdicauon, that is, to show that the agent does mdeed mduce 
the adverse health effect. 

The testmg of chemcals at iugh doses has been challenged by some saenusts who argue that 

metabolism, or chemcals ddfer at hgh and low doses, i e ,  hgh doses may overwhelm normal 

detoluficahon mechmsms and prow& results that would not occur at the lower doses to whch 

humans are exposed An &hond factor that is often raised to challenge the vahd~ty of anrmal 

data to indxate effects m man is that metabohc dfferences among m a l  species should be 
considered when anmil test results are analyzed Metabohc Merences can have unportant 

effects on the valid~ty of extrapolatmg from animals to man lf, for example, the actual carcmogen 

is a metabohte of the adrmtllstexed chermcal and the ammals tested ddfer markedly from humans 

m theu producbon of that metabohte A related pomt is that the actual dose of carcinogen 

reachmg the affected ussue or organ is usually not known, thus, dose-response mformauon, of 

necessity, is based on admtIllstered dose and not ussue dose Although data of these types would 

cemnly mprove the basls for extrapolatmg from hgh to low doses and from one species to 

another, they are ddficult to q u e  and often unavadable 

Regulators are mterested rn doses to whch humans rmght be exposed, and such doses usually 

are much lower than those admmstered m anmal studes Therefare, dose-response assessment 

often requms extrapolatmg an expected response curve over a wde range of doses from one or 
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I two actual data points In addmon, Wferences m size and metabohc rates between man and 

laboratory d s  reqm that doses used expenmentally be converted to reflect these 

Mferences 
I 

33 STEP3 EXPOSUREASSESSMENT 
The first task of an exposure assessment is the determmahon of the concentranon of the chemcal 

to whch humans are exposed. Thls may be known from dmct measurement, but more typically 

exposure data are mcomplete and must be esmated. Models for estunatmg exposure can be 

complex, even m the case of structured acawty, as occurs m the workplace Exposure 
measurements made on a small group (e g , workers m a particular mdustnal firm) are often 

apphed to other segments of the worker population 

Exposure assessment in an occupaaonal settmg consists pnmanly of e s m a o n  of long-term 

mbome exposures in the workplace, however, because an agent may be present at vanous 

concentrahons m &verse occupational sethngs, a census of exposures is Mficult and costly to 
conduct In the commmty enmnment, the ambient concentraaons of chemcals to whch 

people may be exposed can be eshmated from emssion rates only If the transport and fate 
processes are known ~ t e m a h v e  engmeenng control opaons reqm Mferent estunates of the 

reducaon m exposure that may be acheved For new chemcals with no measurement data at 

all, rough estunahons of exposure are necessary 

0 

Some chemcal agents m of concern because they are present m foods or may be absorbed when 

a consumer product is used. Assessments of exposure to such agents m comphcated by 

vanaaons m &et and personal habits among Mferent groups m the populaaon Even when the 

amount of an agent m a food can be measured, ddferences m food storage pracaces, food 

preparaaon, and chetary frequency often lead to a wde vananon m the amount of the agent that 

m&wduals mgest. Patterns of use affect exposure to many consumer products, for example, a 
solvent whose vapor is potentially tonc may be used outdoors or it may be used m a small, 

poorly ventdated room, wheE the concentraaons of vapor m the au is much hgher 
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4.0 USER'S GUIDE: RADIONUCLIDE CARCINOGENICITY 

The Health Effects Assessment Summary (HEAST) Table C summanzes the cancer slope factors 
a 

and unit nsk values for selected donuchdes of potenad concern at Superfund sites 

contarmnated wth rdoacave materials These values were calculated by the Office of Radlaaon 
Programs (OW) and are mended for use by EPA nsk assessors dunng human health nsk 

assessments conducted as part of the Superfund remedud mveshgahon/feasiblty study ( W S )  
process HEAST users should apply these values as speclfieed by the nubaaon nsk assessment 

gwdance prowded 111 thls secaon and 111 Chapter 10 of the a s k  Assessment Gudance for 

Superfund, Volume I, Human Health Evaluahon Manual, Part A (EpA/540/1-89/002), whch is 

avadable from the Center for Enwonmental Research InformahOn at (513) 569-7562 As nsk 

assessment methodolopes are refined, slope factors and umt nsk values wdl be rewsed and 

updated 111 Table B 1 

EPA classfies all  rdonuchdes as Group A camnogens based on t h c ~  property of emthng 

iommg riuhaaon and on the extensive weight of evldence provlded by epidermolopcal stuhes 

of rachahon-mduced cancers m humans Data denved from both human stuhes and mmal 

expenments are used by EPA to construct mathemahcd models of exposure, dose, and nsk to 

eshmate rdonuclide slope factor values These models consider pathways of exposure, the 

chshnct metabohc behawor of each element by compound and the rdolopcal charactenshcs of 

each nuchde of concern, the tune and duraaon of exposure, the mbosensiavlty of each target 

organ in the body, the latency penod for cancer expression 111 these organs, and the age and sex 

of mdlvlduals 111 the exposed pOpdahOn 

0 

Slmrlar to chemcal nsk models, radlahon models extrapolate cancer nsks at low dose and dose 

rate exposures from nsks observed at hgher doses usmg non-threshold, bear dose-response 

RlahOnShlpS Because of the nubaaon nsk models employed, slope factors for n&onuclides are 

charactenzed as best eshmates (1 e ,  m u m  hkehhood estunates) of the age-averaged hfehme 

total excess cancer nsk per mt mtake or exposure HEAST users should consult Volume I of 

the Background Infoxmahon Document for the Draft Enwonmental Impact Statement for 
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I Proposed NESHAPs for Wonuchdes @PA 520/1-89-005) for a more demled ducussion of 

EPA's current &anon nsk assessment methodology 

Quanataave carcmogemc factors hsted m Table B 1 mclude the followmg 

slope factor = nsk per u t  mtake of exposure = nsk per pCi mhaled or mgested or as 
nsk per year per P a m 2  due to external exposure. 

pathway-spedic u t  nsk = nsk per umt concentrauon m aw, dnnktng water or sod 
(external exposure) = nsk per pCdm3 (au), nsk per p W L  (water), nsk per p a g  
(external exposure), or nsk pCdg (sod mgesaon). 

Umt nsk esamates for au, mhalaaon, dnnlang water, and sod mgesaon pathways proaded m 
Table C were calculated by mulnplymg the appropnate mhalaaon and mgesaon slope factors by 

the mhdaaon rate (20 m3/day), the water mgesaon rate (2 Wday), or the sod ingesaon rate 

(109 mg/day), respecuvely, and by mulaplymg all values by the total number of days m 70 years 

(1 e ,  by the hfeame exposme = 365 days& x 70 yrs = 25,550 days) Hence 

nsk per p c J L  (water) 

= slope factor (nsk per p 0  mhaled) x 
20 m3/day x 25,550 days 

= slope factor (nsk per pCi mgested) 
x 2 Uday x 25,550 days 

nsk per pCdg (sod) (sod mgested) = slope factor (nsk per pCi mgested) 
x ([0 2 @day x 1,825 days] + [0 1 
g/day x 23,360 days]) 

The designahons "D," "W," and "Y" presented under the headmg "ICRP Lung Class" in Table C 

refer to the lung clearance tunes for mhaled pmculate rdonuchdes expressed as days @), 

weeks 0, or years (Y), as recommended by the InternaQonal Comssion on Wologcal  

Rotemon (ICRP) "GI 

Absorpaon Factors, f," are the fkacaonal amounts of each donuchde that may be absorbed from 
the gaStrOuIteSMd (GI) tract mto blood followmg an oral mtake The ICRP lung c1earance rates 

and GI absorpnon factors p w d e d  m Table C are default values used by the EPA to calculate 

rdonuchde slope factors for lnhalaaon and mgesaon exposures, respecavely Apphcaaon of 
values other than those specified m Table C wdl result m slope factors and u t  nsk esamates 

Gaseous honuchdes, e g ,  Rn-222, are assigned to class "g"  
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Mferent from those provided m the table At this tune, EPA recommends that nsk assessors 
should not replace or subshtute for the default values hsted. 0 
Values listed m Table C for external exposure are best estmates of the hfetune cancer nsk due 
to the uracfiahon of an m&wdual exposed to gammaemtang radtonuchdes umformly med m 
sod Umt nsk eshmates for thls pathway were calculated by mdhplymg the appmpnate ground 
surface slope factors by the effecave surface density of sod (1 e ,  143 kg/m2 = 0 10 m [sod depth] 

x 1 43xld kg/m3 [sod density]), and by mdhplpg  all values by 70 years (1 e ,  by the hfeame 

exposure) Hence, 

= slope factor (nsk per year per 
pCJm2) x 143 kg/m2 x IO3 (gflrg) x 
70 years 

To estunate nsk-speclfic concentraaons m an  from the umt nsk m au as presented m Table C, 

the specified level of nsk is Qwded by the u t  nsk for au Hence, the au concentrahon (m 

pCJm3) cmspondmg to a best estmate of the mcreased hfehme cancer nsk of lxlO-' is 
calculated as follows e 

pcdm3 = 
unit nsk rn @cl/m3) * 

Sdar ly ,  to eshmate nsk-specific concentraaons m water and UI sod (mgesaon exposure), the 

specfied level of nsk is &wded by the u t  nsk for dnnbg water or sod mgesQon Hence, the 

water concentration (m pC&) cmspondmg to a best estimate of the maeased hfehme cancer 

nsk of 1x10' is calculated as follows 

ixio 5 pCfi m water 
= umt nsk 111 (pC&)" 
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and the sod concentratron (m pWg) correspon&ng to a best estrmate of the mcreased l~etlme 

cancer nsk of ixiW is calculated as follows 

1x10 

a 
umt nsk m @Wg) 

(sod mgestron) 

pCdg in soil 
(mgeStrOn exposure) = 

To estrmate nsk-spec& concentraoons m sod from the u t  nsk from external exposure as 

presented m Table C, the specfied level of nsk is &wded by the u t  nsk for sod Hence, the 
sod concentratron (m pcJg) corresponbg to a best estunate of the mcreased hfetme cancer nsk 

of 1x105 1s calculated fouows 

pcdg sod u t  nsk m @cJg) 
(external exposure) (external exposure) = 

4 1 RISK CALCULATION - USE OF SLOPE FACTORS 

0 The rachonuchde slope factors ~fl Table C of HEAST are the age-averaged Meme excess total 

cancer nsks per umt mtake or exposure An estmate of the total hfetme excess cancer nsk due 

to contlnuous mtemal hfehme exposure (1 e ,  a 70-year average Mespan) to a ra&onuclide is 

therefore 

wheR 

RL = total Metime excess cancer nsk 
SFL = HEAST radtonuchde mtake slope factor ( p a )  
I = annual radtonuchde actrwty mtake @C*) 
TL = 70-year Metune exposure (years) 
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I An esamate of the total hfetune excess cancer nsk due to conmuous external exposure to a , 0 rdonuchde deposited on ground surfaces is 
I 

RL = (SF3 (C) 0 

where 

RL = total Metune excess cancer nsk 
SF, = HEAST mhonuchde external exposure slope factor (yr - pCi) 
C = raonuchde concentraaon in sod (pWg) 
TL = 70-year hfetune exposure (years) 

External slope factors do not mclude contnbuaons from decay products In some cases, these 

contnbuaons can be substantlal and should be factored mto the nsk calculaQons For example, 

to estlmate the total hfetune excess cancer nsk due to contwous, hfetune external exposure to 

sod contammated wth Pu-239, and Pu-240 (assummg secular equhbnm) should be calculated 

as the summaaon of the nsks contnbuted by Pu-240 and the decay product that emts photon 

mhahon, such as Am-241 

0 The content of slope factors for chermcals has been well estabhshed by toxlcologsts to quant@ 

nsks of chemcal-mduced cancer based on chemcal mtake-response curves EPA recently 

adopted h s  methodology to quantify mhaaon-mduced cancer nsks for mhonuchdes m HEAST, 

Table C The HEAST slope factors for 

radlonuchdes that axe potentd chemcals of concern at MSS are presented m Table B 1 Before 

mtroducmg EPA’s methodology for rachonuchde slope factors, it is necessary to descrrbe the 

convenaonal approach to nsk assessment A desmpaon of mternal exposure is presented 

because the CdCUlahOn for h s  route of exposure is sufficient to furnish a clear parad~gm of h s  

standard methodology 

This is novel far all rad~olog~cal nsk assessors 

4 2 DESCRIPTION OF CONVENTIONAL METHODOLOGY FOR RADIOLOGICAL RISK 

ASSESSMENT 

Conventional nsk eStunahOn for c h m c  mtake of a mhonuchde mvolves two mdependent and 

separate steps The fitst step IS to calculate the Meme Comm~tted Effectwe Dose Equvalent 

(CEDE) from the C ~ N C  Metune mtake of the ra&onuchde The CEDE is the weighted sum 
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of the total dose equivalent rn target organ(s) deposited over the 50-year penod followmg the 

lntake of a donuchde The absorbed dose m the target organ(@ IS calculated usmg ICRP 

resprratory and GI tract models (ICRP, 1979) The second step is to estunate the nsk associated 

wth the Metune CEDE 

e 

In the first step, the Metune CEDE is obtamed by mulaplymg the dose conversion factor @e), 
the CEDE per umt mtake, by the total mtake over the 70-year Metme 

CEDEL = Metune comtted effecave dose equivalent (mrem) 
I = annual donuchde acamty mtake @C*) 
TL = 70-year Metime exposure (years) 
DCF = dose conversion factor (mredpci). 

In the second step, the rdaaon-mduced cancer nsk is esmted usmg a nsk coefficient (excess 

fatal cancerdmrem) to relate the hfetune CEDE (mrem) to the Meme excess racbogemc cancer 

deaths ICRP Pubhcaaon 26 (ICRP, 1977) and NCRP Pubhcaaon 91 (NCRP, 1987) recommend 

the use of age-independent nsk coeffiaents of 1 2 5 ~ 1 0 ~  and lOOxlo'6 excess cancer deaths, 

respecavely, for every umt CEDE (mrem) received to assess the hfetme excess fatal cancer nsk 
Followng is th~s recommendaaon 

@ 

where 

RL = hfetune excess fatal cancer nsk 
RC, = hfetune fatal cancer nsk per unit dose (mrem) 
CEDE, = Metune comtted effecave dose equvalent (mrem) 

Thus, based on the DCF that uses the 50-year dose comrmmnent model, the CEDE from a 
constant c h m c  exposure is considered to be mvanant over the mdmdual's 70-year Metune 

Because each step esamates cumulahve dose and nsk over 70 years, both the Metune dose 

equvalent and the hfetune dation-mduced nsks are obwed and can be uthzed independently 

m the decision-malang process. e 
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The followmg is a descnpuon of EPA’s methodology to calculate the slope factors for both 

rnternal and external exposure to radronuclides 0 
4 3 DESCRIPTION OF EPA’S METHODOLOGY FOR SLOPE FACTORS 

4 3 1 Internal Ex~osure 

There are three n u n  steps mvolved m EPA’s esumauon of the nsks due to exposure to u t  

rntake of a mbonuchde (1) the annual dose to suscepbble organ(s) m each year of Me is 
Calculated, (2) the annual dose m each year of Me is related to the age-dependent cancer nsk, 
and (3) the Metme cancer nsk is obmed by sumrmng the annual nsks to a hypotheucal cohort 

wth an actuarial Me table 

In the first step, EPA calculates lnstantaneous hgh- and low-hear energy transfer (LET) 
absorbed dose rates and annual doses for each organ followmg one umt of lnhaled or mgested 

donuchde at a constant rate for a hfeume exposure The mternal dose models (GI tract and 

lung models) that EPA uses to calculate doses are age-mdependent and arc smdar or idenucal 

to the models used in ICRP (1979, 1980, 1981) 

In the second step, the nsk of fatal cancer from each year’s dose is calculated usmg age- and 

organ-speclfic nsk models adapted from the BEIR III report (Nauonal Academy of Sciences 

[NASI 1980) These nsk models used by EPA are descnbed m the followmg paragraphs 

To project the number of radrauon-mduced leukema and bone cancer fatahes, EPA uses an 
absolute nsk model, a 2-year latency penod, and a 25-year expression penod. An absolute nsk 

model predcts an absolute annual number of excess fatal cancers m future years m the case of 

a populauon exposed at a pven age per unit dose 

To estmate the number of fatahes resulung from other cancers, EPA uses a relatlve nsk model, 

a 10-year latency penod, and the r e m d e r  of an exposed person’s ldehme as the expression 

pen& The relauve nsk model projects the currently observed percentage rnmase rn annual 

fatal cancer nsk per umt dose mto future years (1 e , the mcrease is proporbod to the underlymg 
[background] fatal cancer nsk) 0 
RFPaprJ99 b B-17 05J79J 



A central feature of this methodology is that it allows for other causes of death, so-called 

"competing nsks" occumng w r h  the latent penod, m the estmahon of Meme radlauon nsks 

If an mdmdual that had been exposed to radtahon m a gwen popUhhOn dled either accidentally 

or from natural causes, beforc the cancers reSUlMg from d a a o n  are expressed, thls death 

would not be counted as a radmhon-mduced fatahty A hfe table consists of data descnbmg age- 

speclfic m d t y  rates from all these COmpeMg nsks A Me table consists of data descnbmg 

age-speclfic mrtahty rates from al l  causes of death for a gwen populahon EPA uses mortahty 

data from 1969 to 1971 Umted States populahon (Nahonal Center for Health stahshcs [NCHS] 

1975) rn thts nsk estunahon 

To unplement the hfehme nsk eshmauon, EPA uses both absolute and rehhve nsk models (as 

m the second step) m conjunchon wth actuanal Me tables (as m the thvd step) to estunate the 

number of mcremental fatahbes m a gven populahon, or "cohort," due to dabon-mduced 

cancer in the reference organ as a result of the annual dose of each year of Me The hypothehcal 

EPA cohort conslsts of lO0,OOO persons born at the same tune and all subject to the same 

competmg nsks of death throughout therr Metunes Rdation exposum is assumed to b e p  at 

buth and conhnue throughout the Meme of each mdmdual By applymg the 1970 age-speclfic 

mortality data for all causes, dus populaaon of 100,OOO persons is reduced for each year of llfe 

unhl all members of the cohort have &ed at 110 years. 

0 

The incremental number of deaths m the cohort due to dahon-mduced cancer for a gwen organ 

is estunated for each year usmg appropnate nsk models and the calculated doses dunng that year 

and relevant precedmg years The total number of mcremental deaths for the cohort is obtamed 

by sumrmng the mcremental number of deaths for each year over al l  organs for 110 years 

Therefore, the age-averaged hfe- excess fatal cancer nsk per umt mtake of the radlonuchde 

is sunply the average number of mcremental deaths over the 110 years for each mdlvldual m the 

cohort 

The r~onuchde slope factors m HEAST, Table C, are the age-averaged hfetune excess total 

cancer nsks, mstead of fatal cancer nsks, per unit mtake Each slope factor has been calculated 
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by Qvidmg the excess fatal cancer nsks for the rdonuchde by the mortality to mcidence nsk 

raho for the type(s) of cancer lnduced by the radlonuchde 

4 3 2 External Exmsure 

EPA nsk eshmahon for exposure to sod contamtnated wth gamma-emttmg donuchdes is 
based on the scenano that an mdmdual stands on an d t e l y  thxk slab of sod wth a d o r m  

source concentratlon for hs e n m  Me (e g , a 70-year average Me span) Thrs EPA Scenano 
mvolves three mam steps 

In the fmt step, the absorbed dose rate m au at 1 m above ground (whch represents the average 

height of body organs for an mdmdual standmg on the ground) must be calculated. To manage 

complicated calculahons for photon attenuahon and Scattenng sod, EPA smphfies the SituahOn 

by assummg that mstead of standmg on the mfiitely thxk slab of sod, h s  mdmdual stands on 

a smooth lnfite plane source wth a c e m  uxuform surface concentrahon Thrs surface 

concentrahon is obwed by confintng the enm quanhty of radIoachvlty wthm the top 10 cm 

of the sod slab to the very ground surface (zero depth) mstead of u x u f d y  Qspersmg it m the 

sod Consequently, WA’s hypothehcal plane source wth the zero-depth achwty considers no 

sod sheldmg for the mdmdual =A’s an and organ close rate(s) cdculaaon and the associated 

nsk eshmahons, whch wdl be Qscussed later, are therefort based on the hypothehcal plane 

source model mstead of the mfixutely h c k  slab some model The conversion between the sod 
concentrahon (pCdg) m the sod slab and the EPA hypothehcal surface concentrahon can be 

obtsuned from the sod density of 1 43x103 (kg/m3) and EPA’s 10 cm sod depth concern One 

umt of sod concentrabon (1 pcJg) m the slab would correspond to a hypothetwal surface 

concentrahon m the followmg manner 

1 43x1d @am2)  = @Cdg)xO 1 (m) (depth)x143xl@ (kg/m3) (density)x103 (g/kg) 

where 0 1 m (sod depth) x 143xld kg/m3 (sod density) = 143 kg/m2 is the effechve surface 
density of sod 

One umt of surface concentrahon (1 pCdm2) on the soll surface would correspond to a 

concentrahon m the slab m the followmg manner 

(1 43xld) = 7x106 (pCl/g) 
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Thus, instead of calculahng the au dose at 1 m above an mfmtely thick soil slab source, EPA 

calculates the a r  dose rate at 1 m above a hypotheacal infimte plane source If an mchwdual 

is actually standmg on a d o r m  slab source wth a sod concentraaon of 1 pCdg, EPA would 

report the 1 m alr dose rate, hs organ dose rate(s), and the associated cancer nsks the same as 

those obwed from a plane source wth a surface concentraaon of 143xld P a m 2  On the 

other hand, EPA’s report for the cancer nsks from one umt of surface concentraaon (1 pCdcd) 

is meant to be for the actual situaaon If the mchwdual is exposed to a dorm slab source wth 

a sod concentraaon of 7x106 pWg 

@ 

In the second step, the absorbed rate m au must be converted to an organ dose rate The raao 

of the organ dose rate has been calculated for vanous organs at vanous photon energes for the 

case of immersion m contammated au Ideally, a separate set of the ratio values would be used 

for the angular and spectral dutnbuhons of madent photons from a unlform plane source 

Because these data are not avdable, EPA uses the same set of the raao values for the au 

mmersion case as for the ground surface case 

0 In the thud step, the annual dose m each year of Me IS related to the age-dependent cancer nsk, 

and the hfeame cancer nsk is obwed by summmg the annual nsks to a hypotheacal cohort wth 

an actuanal Me table I This step is a combmaaon of steps (2) and (3) descnbed m Secaon 4 3 1 

The nsk from each year’s dose for each organ as obwed from step (2) is agam calculated usmg I 

EPA’s Me table concept m conjuncaon wth the age- and organ-speclfic nsk models The total 

number of mcremental deaths from hfetme ground surface exposure m the 100,000-person cohort 

is also obwed by sumrmng the mcremental number of deaths for each year for 100 years The 

age-averaged hfeame excess fatal cancer nsks per u t  surface concentraaon of a donuchde 

is the average number of mcremental cancer deaths over the 110 years for each mdmdual m the 

cohort Usmg the mortahty-to-mcidence nsk ram for the significant types of cancer that the 

external exposure may mduce, EPA converts the fatal cancer nsks to the total cancer nsks as 

r e q d  for the slope factors 

l 
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4 4 COMPARISON BETWEEN CONVENTIONAL AND EPA'S METHODOLOGIES FOR 

RISK ASSESSMENT 

There axe two pnncipal Merences between the convenaonal and EPA methodolopes for 

rad~olog~cal nsk assessment. Fust, the convenaonal nsk eshmaaon method produces an estmate 

of the nsk of r ~ o g e n i c  cancers that are fatal and uses an age-mdependent nsk coefficient The 
EPA nsk esamaaon method produces an esamate of the nsk of all cancer rncidence and employs 

0 

age-dependent nsk coefficients. Second, the convenaonal nsk esamaaon method mvolves 

calculaaon of dose (CEDE) before calculaaon of cancer nsk The EPA nsk esamaaon 

methodology usmg HEAST slope factors estunates cancer nsk k t l y  from estmated 

radtonuchde make and bypasses calculaaon of CEDE Calculatmg the CEDE mvolves much less 

uncermn models than esmtmg dogemc nsk ' h s  is one mam reason why the convenaonal 

nsk assessment for a hfeame d a a o n  exposure mvolves calculaaon of hfeame CEDE The 

convenaonal methodology separates the more certam step (hfetme CEDE calculaaon) from the 

less certam step (Itfeame nsk esamaaon) m the nsk assessment process Thls enables the 

r&olopcal nsk assessors and remed~al acaon decision makers to use both dose and nsk 

parameters, talang mto consideraaon the degree of confidence and certamty m each a 
The convenaonal method proades a fundamental parameter (1 e ,  the Weame CEDE from a 

chronic exposure to a nxbonuchde) that prowdes for cornpanson of the hfetune CEDE wth 

estabhshed dose huts The Meme nsks associated wth the hfeame CEDE depend on only one 

factor the nsk per umt effecave dose equlvalent, whch is subject to vanaaon as new scient& 

mformaaon used to develop nsk coefficients becomes avadable In EPA's methodology for 

esamaang the llfeame ra&ogemc nsk usmg slope factors, the step mvolwng dose esamaaon is 

in&sanct, therefore, the calculated Metune dose equivalent is not avadable Thus, the 

donuchde slope factors only prow& the relaaonshp between the hfeame radtogemc nsk, 

whxh has a rtlaavely hgh maptude of uncemty, and the rad~oact~wty lntake Superfund 

d o l o g ~ c a l  nsk assessors also need to calculate the hfebme CEDE as used m the convenaonal 

approach to f m s h  more mentlfic lnformaaon for declsion makers Thls is even more mportant 

at present because the slope factors for ra&onuchdes are undergomg revlew and revsion in 

HEAST, Table C 

RFPaprl99 b B-21 051791 



TABLE OF CONTENTS 

- PAGE 

1 0 SOME CONCEPTS OF RISK ASSESSMENT . .  c- 1 
2 0 GENERIC RISK CHARACTERIZATION c-7 

2 1 EXPOSURE PATHWAYS c-8 

2 2 EXPOSURE PATHWAY ASSUMPTIONS ..... c-9 
2 3  GENERIC RISK CHARACTERIZATION FOR CONDITIONS BEFORE, 

DURINGANDAFIERREMEDY c-10 

2 4  SUMMARY C-13 

ATI'ACHMENT 1 CALCULATIONS AND IDE"ICATI0N OF EXPOSURE FACTORS 

RFPaprl99 c c-1 051791 



LIST OF TABLES 

TABLE 'ITIZE - PAGE 

c1 PROBABILITY OF DEATH BY VARIOUS CAUSES c-2 

c2 OVERALL INCREASE IN ABSOLUTE RISK FROM EXPOSURE TO 
PLUTONIUM IN SOILS c-5 

c 3  MAJOR ASSUMPTIONS USED IN THE GENERIC RISK ASSESSMENT FOR 
PLmNluMINsoILs . c-10 

c4 RISK CHARACIERIZATION FOR CONSERVATIVE SCENARIOS c-12 

c 5  HYPOTHETICAL RISK ASSESSMENTS DERIVED FROM THE GENERIC RISK 
ASSESSMENT C-13 

LIST OF FIGURES 
FIGURE TITLE - PAGE 

c- 1 EXCESS CANCER RISK FOR PU-239 IN SOILS - CONSERVATlVE 
MODEL C-6 

RFPaprl99 c C-11 051791 



1.0 SOME CONCEPTS OF RISK ASSESSMENT 

The principal a m  of d a h o n  protechon is to reduce the nsk of detrimental health effects from 
e 

I'adIahon exposure h s k  has been defined as the probabhty that a detnmental health effect wdl 

occur in an mdmdual or POpulahOn Mortahty nsk factors are helpful m idenafylng levels of 

nsk associated with vanous actlwtles and occupaaons M d t y  nsk factors m hsted 111 

Table C 1 for vanous events Almost every aspect of modem hvmg exposes people to health 

nsks "Ius table hsts the esmted nsk of death to an mdnndual from vanous human-caused and 

natural events In all cases the numbers hsted m thls table are only eshmates based on the best 

guesses that can be made wth our present knowledge 

R s k  is usually expressed as either absolute nsk or rehhVe nsk. When apphed to mbahon 

exposure an mdmdual's absolute nsk of mortahty for a speclfic cause such as cancer is the 

excess nsk from exposure added to hs/her background nsk of death from cancer The tern 

Meme excess cancer nsk is used to desmbe the porhon of absolute nsk reSdMg from 
exposure 

The carcmogemc nsk or the cancer nsk factor (Metune excess cancer nsk) promdes an e s m t e  

of the addmod mcidence of cancer that may be expected m a populahon exposed to a pven 

contarmnant. A nsk of lo5, for example, mdcates a probabhty of one &tIOnd case of cancer 

for every 100,OOO people exposed. A nsk of lo6 would be 1 case m 1 d o n  people exposed 

(EPA, 1985) On an mdmdual basis the cancer nsk factor desmbes the addrhond nsk or 

probablllty of death from cancer mcurred as a result of exposure 
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TABLE C.1 

PROBABILITY OF DEATH BY VARIOUS CAUSES' 
(U S Populaaon Average for 1978) 

Accidents 
Motor Vehlcle 52,4 1 1 1 28x102 
AII Transport 1,880 6 0x104 

Falls 13,690 4 4x10 

Drownlng 5,784 1 9 ~ 1 8 ~  
Industnal 5,168 1 7x104 

Rsulway 602 2 0 x 1 0 ~  

FllX 6,163 2 0x103 

Electrocuhon 984 3 2x104 
Explosion 562 1 8X1O4 

FllXannS 1,806 5 8X1O4 

Cadovascular 964,OOO 3 1x10' 

InfluenzaPneumoma 58,230 1 %lo2 
nabetes 33,800 1 1x102 

Lighmg 160 5 ixi05 
Tornadoes 1 lgc 3 8X1O5 
Humcanes 9od 2 9x10' 

Ixseasw 

Mahgnancies (cancer) 396,720 13x10' 

Natural Even& 

a Compded from T r a n s m a  documents, EPA 52011-90-015 
Based on total U S popdahon 
1953-75 average 
1901-71 average 

UNDERSTANDING EXPONENTS 

Exponentul Notanon 

10 
10 

lo4 
10 
loa 

IL- Y 

10 3 

10 7 

10 
0 1  
0 01 
0 001 
oOoO1 
o m 1  
oOOOOO1 
o m 1  

Probabtllty 
l l n l  
1 ln 10 
1 ln 100 
1 ln 1,OoO 
1 m l0,OOO 
1 m 100,OOO 
1 ln l,Ooo,OOO 
1 ln lO,OOO,OOO 
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The carcmogenic nsk posed by exposure to a racbonuchde depends upon three factors dosage 

(eshmated mtake), the carcmogemc potency of the chemcal (Potency Factor), and the exposure 

duraaon 
@ 

The carcmogemc potency of a substance depends, m part, upon its route of entry mto the body 

(e g , mgesaon, mhalaaon, or dermal) Therefore, cancer slope factors (CSFs) are classified 

accodng to the route of arirmmstfahon that is apphcable to the expenmental or epidemologrcal 

data from whch they were derrved. The EPA and other organmh0nS have developed potency 

factors for the mgesaon and/or mhalahon routes for some camnogens 

The length of exposure to a radtonuchde must also be taken mto account m the calculaaon of 

carcmogemc nsk smce carclnogemc potency factors are based on long-term, low-dose exposure 

and carcmogemc nsk is assumed to be proporhonal to dose 

Absolute nsk takes into account the added nsk from exposure and background nsk, exposure- 

speclfic absolute nsk (AR) (such as that from plutomum m sod) can thus be defined as 

AR (cancer death) = Background Risk + Risk from Exposure to Plutonium e 
Based on the conservaave aSSUmphOnS presented m the genenc nsk assessment, the added nsk 

from residenhd home COnStruChOn m an area of plutomum contarmnahon would mult m an 
mcrease of 2 2x10' nsk for a plutomum concentraaon of 1 pCJg and would mult m an mcrtase 

of 2 2 ~ 1 0 ~  nsk for a concentrahon of 10 pCJg, and an mcrease of 22x10' nsk for a 

concenmhon of 100 Pcdg 

*Conservatwe residentlal exposum scenano (future use) 
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Figure C-1 is a genenc "nsk curve" for plutonium-239 in sods covenng the range of 1 to 100 

pCJg The hypothehcal future use residenttal exposure scenano is lllustrated along wth a 
hypothehcal recreahonal use scenano 

To put h s  nsk m perspecfive, we wdl use the natural cancer momhty rate stated by EPA in 

Table C 1 of 13 percent (about one m eight) An mdmdual's absolute nsk of dymg from cancer 

after 70 years from a 30-year exposure to plutomum 111 sods 111 a 70-year hfehme would mcrease 

from 0 13 to 0 13oooO3 at 1 pWg and 0 130003 for 10 pCJg based on genenc nsk assessment 

assumphons Table C 2  hts the overall increase m absolute nsk resultmg from long-term 

exposure to plutomum m a residemal semg 

I 
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TABLE C.2 

OVERALL INCREASE IN ABSOLUTE RISK 
FROM EXPOSURE TO PLUTONIUM IN SOILS 
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2.0 GENERIC RISK CHARACTERIZATION 

The EPA has requested that a genenc nsk charactenzahon be developed to assist the reader m 

placmg the potential nsk tiom plutomum m sods m perspecnve Two EPA documents were 
principally uazed to ob- general emssion, transport, and human uptake values The two 
documents were the "Transuratuc Elements," EPA 520/1-90-015 and 016, June 1990, U S EPA 

Au and Rdahon Programs @PA, 199Ob), and the "Exposure Factors Handbook," EPA/600/8- 

89/043, May 1989, US EPA office of Health and Enwonmental Assessment These values 

were then used to perform calculanons based on the formulas found m Chapter 10 of the k s k  

Assessment Guidance (RAG) for Superfund Human Health Evaluanon Manual, Part A, Intern 

Fmal, U S EPA Ofllce of Emergency and Remdal Response, September 1989 In addmon, the 

Health Effects Summary Table (HEAST) was uthzed to calculate pathway-specflic nsk Demled 

calculanons and identdkanon of all exposure factors for the genenc nsk assessment can be found 
m Attachment 1 The Qspersion and modelmg used m the genenc nsk assessment is taken from 

Cowherd (1984) for the PM,, ermssion rate eshmanon, and Turner (1970) for the atmosphenc 

cbspersion estlmatlon 

For eShmahOn of PM,, emssions from vehcle traffic over unpaved surfaces, the followmg 

equanon has been used m this assessment 

where E,, = PM,, emssion factor, le., the quannty of PM,, ermssions from an unpaved 
road per vehcle-lcdometer of travel (kg/VKT) 

s = sdt content of road surface matenal (percent) 
S = meanvehclcspeed(las/hr) 
W = mean vehcle weight (Mg) 
w = meannumberofwheels 
p = number of days wth at least 0 25 mm (0 01 m ) of precipitahon per year 

The atmosphenc cbspersion estllI18tlon uses the followmg standard assumpnons 

The plume spread has a Gaussm cbstnbuhon m both the honzontal and verhcal 
planes 
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I Unifonn emssion rate occurs 

For this ground level source unth no effectwe plume nse the followmg equahon has been used 
' e  
I m h s  assessment 

where X = downwmddlstance 
x = mean COnCentrahOn 
sy sZ p = standard dewahon of plume concentrahon m the vertical and honzontal 

planes 
P = mean wmdspeed affectmg plume 

Plant and vegetable uptake coefficients used were those ated by Burley (EPA, 199Ob), smce 

these values represent conservanve assumphons, and may m fact overeshmate the nsk from plant 

and food crop mgesnon As stated premously (SeChOn 4 6 2), although ammcium is potenhally 

more moblle m the enwonment, and more readdy biaconcentrated, it is not mcluded m thls 
genenc nsk assessment due to the mherent uncemnty of the actual concentranons at MSS 199 

2 1 EXPOSURE PATHWAYS 

The genenc nsk assessrnent uses human uptake values pubhshed m prewously ated EPA 

documents 

The followmg exposure pathways have been retamed m the genenc nsk assessment because of 

thew potennal to be avadable to human receptors based on the future land use condlnon of 

residenhd home sethng 

lnhdahon of plutomum-contammated dust 
Ingesnon of plutomum m sod 
hgeShOn of leafy h t s  and vegetables grown rn an on-site garden 
IngeShOn of root and tuber vegetables grown m an on-site garden 
Ingesnon of home-msed beef (muscle) 
Ingesaon of home-msed beef (her) 
Ingesaon of from home-msed cows 
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2 2 EXPOSURE PATHWAY ASSUMPTIONS 

In calculaang nsks to the general pubhc m this report, the estmates of exposure are perfoxmed 
considenng an appropnate mdlwdual that is presumed to r e m  at the pomt of speclfic potenaal 
exposure (1 pWg, 10 pWg, 100 pCl/g) at all tunes for a 30-year duration -- 24 hours per day, 
365 days per year -- and makes &ary use of the contammated medm For example, &IS 

hypotheacal mdlwdual could breath only a n  at the specdied contammaaon level on-site boundary 

or eat vegetables from thelr garden whch is assumed to be planted at the specfied exposure to 
contarmnants Thus, the estmate of exposure or nsk to the general pubhc appromates the 
reasonable m u m  exposure scemo (RME) idenhfied by EPA pdance 

0 

Intakes of plutomum have been esbmated on the basis of the RME scenanos for both current 
(1 e ,  remaaonal) and future (1 e ,  residenaal) land use condlaons The RME is defmed by the 
EPA (1989) as "the hghest exposure that is reasonably expected to occur at the site This 

concept is also set forth m EPA's preamble to the adopaon of the National Contmgency Plan 
In the preamble, the EPA explams that the concept of RME is designed to mclude all exposures 
that can be reasonably expected to occur, it does not focus on worst-case exposure assumptions 
only potenad exposures that are uely to occur are to be mclucied m the assessment of 
exposures The EPA further cauhons agamst the use of unreahsac exposure scenanos and 

assumpuons The RME is the product of factors that are an appropnate rmxture of values that 
are conservatwe m that they tend to overeshmate nsk, but they are w h  a reahstic range of 
potenaal exposure The selecaon of parameter values is based on a rmxture of values 
charactenstic of either average m&wiuals or wthm a 95 percentile dlstnbution for the pubhc 
to determme a reasonable overall assessment of potenaal exposures to mdlwduals 

0 

Parameters that were common for all scenanos were used m the calculation of nsk as follows 

1 Future land use scenano of midenhd home semng 

2 On-site concentraaon of plutonium m transport media does not mcrease nor decrease 
over tune 

3 An on-site an mtake of 20 cubic meters per day for a 70 Kg adult received over a 
30-year duration 
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4 An average sod mtake rate of 0 12 grams per day for a 70 Kg adult received over 
a 30-year duration (thu represents a combmed 200 mg/day sod mgestion rate for 
years 0-6 and a 1 0 0  mg/day sod mgestion rate for years 7-30) 

5 A plutomum m sod bioavadabhty of 1 0 0  percent based on the sod mgesnon and 
foodstuff pathway 

6 A cancer slope factor of 3 lE-ll/pCi mgested, and a slope factor of 4 lE-OS/pCi 
mhaled These are taken from the EPA HEAST values that conespond to the GI 
absorpoon factors for plutomum oxide 

Table C 3 detads the mdwidual pathway nsks and relative conmbuaons for the possible current 

use recreaoonal setang and the hypothetical future use residential setang 

2 3 GENERIC RISK CHARACTERIZATION FOR CONDITIONS BEFORE, DURING AND 
AFIERREMEDY 
Court-mandated mstituaonal controls have been set as h a n g  condmons for remedud action to 
occur at MSS 199 Exceedmg the parameters of wmd speed sod moisture, and iurborne 

plutomum concentraaons would requue a shut-down of the r e m d a l  action The followmg 

assumptions have been made rn the calculation of nsk to workers and the pubhc @ 
T d h g  and dwmg wdl occur for a sut-week p o d  

No reduction m plutomum transport concentrations w d  be taken as a result of 
lnsatutional controls 

The m u m  allowable wborne plutomum value wdl be used for both worker and 
public exposm 

The pubhc wdl be exposed 12 hours per day 5 days per week to 002 pWm3 of 
plutomumu9 m au and have a dady mtake of 500 mg of sod during the remedy 
period 

No mgestion of plutomum contammated foodstuffs wdl occur 

Table C 4 presents the hypothetical nsk charactenzation based on conservative current and future 

use scenanos Table C 5 presents the hypothebcal nsk assessment based on the genenc exposure 

condmons and nsk estunabon curve &scussed above The "Before Remedy" assessment assumes 

a steady-state plutoniumu9 sod concentrahon of 7 7 pCdg D a g  remedy e s m t e s  are based 0 
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TABLE C3 

MAJOR ASSUMPTIONS USED IN THE GENERIC 
RISK ASSESSMENT FOR PLUTONIUM IN SOILS 

Current Use (Recreational 
Wna) I 

Exposure Pathway I Varlable 

Inhalabon Suspended Parbculate Exp Durabon 40 years 

Soil ingestton Exp Duration 40 years 

Exp Frequency 56 dayiyear 

Exp Frequency 56 daylyear 

Future Use (Residential Settlnp) 

Exposure Pathway I Variable I RME" 

Soil Ingestton Exp' Duration 30 years 

Inhalabon Suspended Parbarlate Exp Durabon 30 years 

IngeSbOn Leafy Fruits & Vegetables Exp Durabon 30 years 
intake 33 grlday 

Exp Fraction OH 

Ingeaon Root & Tuber Fruits 8 Vegetables 30 years 
Intake 89 grlday 

Ingesbon Home-Raised Beef (Musde) Exp Durabn 30 years 
Intake 1 18 grlday 

Exp Durabon 

a u(P - exposure 
RME - Reasonable Maximum Expowre 
Based on long-term wind patterns near Rocky Flats Plant 

~ ~~~ ~~ 

lngesbon Home-Rased Beef (Lver) 
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TABLE C.4 

RISK CHARACTERIZATION FOR CONSERVATIVE SCENARIOS 

Ingesaon of sod 

Total Risk 

Hypothetical 239 Pu Soil Concentrations 
Percent 

Pathway 1 P W  10 P w g  100 P w g  Contribution 

Inhalaaon of dust 7 OE-08 7 OE-07 7 OE-06 96 5 
I 

2 OE-09 2 OE-08 2 OE-07 3 5  

7 OE-08 7 OE-07 7 OE-06 100 

Hypothetical 239 Pu Soil Concentrations I Percent 

Pathway I Contribution 

Ingestion of sod 4 1E-08 4 1E-07 I 4 1E-06 18 7 

Inhalaaon of dust I 3OE-08 I 3OE-07 I 30E-06 I 13 8 

Ingestion of Leafy Vegetable 1 1E-07 1 1E-06 1 1E-05 51 9 

Ingemon of Tuber 3 3E-08 3 3E-07 3 3E-06 15 3 

Ingestion of Muscle 4 OE-10 4 OE-09 4 OE-08 0 2  

Ingestion of Liver 4 1E-10 4 1E-09 4 1E-08 0 2  

Ingestion of Mdk 3 3E-12 3 3E-11 3 3E-10 0 0  

Total Ruk 2 2E-07 2 2E-06 2 2E-05 100 
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on the conservaave exposure assumpaons presented above After remedy esamates of nsk 
assume a steady-state plutomumm sod concentration of 0 9 pCJg which is the court mandated 
remedy acaon level 

I Rewew of Table C 5  suggests that the added hfehme excess cancer nsk for all potentially 

exposed members of the pubhc dunng any phase of the remedy program would be m the range 

of 2x107 to 6x10 * These genenc esamates of hfetme excess cancer nsk are all below the U S 

EPA's target nsk range of 1x104 to lxlOa The effect of remedy acaons can be observed by 

contrastmg the before remedy recreaaonal use nsk e s w t e  of 5 4x107 wth the after remedy 

estunate of 6 3x10' The reducaon m nsk from remedy efforts is proporUonal to the reducaon 

rn plutomum concentraaons m sod from 7 7 pCJg to 0 9 pCJg 

2 4  SUMMARY 

The nsk values calculated for all of the vanous scenanos and exposure pathways m&cate that 

no lmrmnent threat to the pubhc is produced from p l u t ~ r n u m ~ ~  concentraaons of 1 pWg, 

10 pcl/g, or loo pCJg 

, RFPapri99 c C-13 052792 



TABLE C.5 

HYPOTHETICAL RISK ASSESSMENTS 
DERIVED FROM THE GENERIC RISK ASSESSMENT' 

[Exposure Scenano I Before Remedy I D m g  Remedy I After Remedy 11 
7 4x10-' 

I I I 

Residcnhal Use I NA I NA I 2 om7 

a 

b 

C 

d 

The nsk csumates presented m ths table are hypotheucal and are based on the genenc curve 
presented rn Figurt C-1 m conjuncaon wth estunates of sod concentraaon that have been 
judged to be unacceptable for perfomg a Basehe k s k  Assessment See Appendm A for 
a &scussion of the btahons on a l l  data presented m this report 

Based on a Pu-239 sod concentrahon of 7 7 pCdg 7 7 pCdg is the hghest sod plutoluum 
concentratlon rn the off-site areas reported m Table 4 2 The hgher concentrahons reported 
rn Table 4 2 npnscnt RFP on-site samphg pomts 

Pubhc receptor exposure at the edge of the remedy acreage is based on sod plutonium 
concentrahon of 10 pCdg for a 6-week penod (the actual remedy acuon penod), 12 hours per 
day, 5 days per week wth a 500 mg/day sod rngesaon and 0 02 pCdm3 mhalahon exposure 

Based on a Pu-239 sod concentrahon of 0 9  pCdg 09  pCdg is the sod plutomum 
remedraaon objecdve It is the hghest perrmssible residual concentraaon It is hkely that 
many portions of the remedlated wdl have plutoluum concentrahons less than 0 1 pCdg 

NA - based on con&aons at the site, these exposure COndIhOnS &d not eust dunng the remedy 
phase specified. 
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ATTACHMENT 1 

CALCULATIONS AND IDENTIFICATION OF EXPOSURE FACTORS 
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APPENDIX D 
IHSS 199 DATA SOURCES 

D- 1 

D-2 

D-3 

D-4 

D-5 

D-6 

Data Source 

United States Atomic Energy 
Comrmssion, "Plutonium in Soil 
Around the Rocky Flats Plant," by 
P W Krey and E P Hardy, Health 
and Safety Laboratory USAEC, 
New York, NY, HASL-235, 1 
August 1970 
Dow Chemical, "Committee 
Evaluation of Plutonium Levels in 
Soil Within and Surroundmg 
USAEC Installation at Rocky Flats, 
Colorado," by J R Seed et a1 , 
RFP-INV-10, 9 July 1971 
Dow Chemical, "Soil Sampling 
East of Inhana Avenue," by R W 
Loser and R L Tibbals, Product 
and Health Physics Research 
Service Report No 317-72-186, 29 
November 1972 
Rockwell Internauonal, "Results of 
Special Soil Samples Collected 
Adjacent to the Rocky Flats Plant 
Site," by C T Illsley, 
Environmental Analysis and 
Control, ES-376-77-201,7 
September 1977 (revised 30 
November 1979) 
Colorado Department of Health, 
"Radroacove Soil Contammauon 
(Cesium-137 and Plutonium) in the 
Envlronment Near the Rocky Flats 
Nuclear Weapons Plant," 
September 1977 
Rockwell Internaoonal, 
"Companson of A x  Sampler 
Stauons," internal letter from M W 
Hume, Statistics Laboratory, to 
C T Illsley, 22 November 1978 

Nature of Data 

Plutonium concentrations in soil 
samples collected in early 1970 
from 33 sites extending as far as 
40 mles from the Rocky Flats 
Plant 

Plutonium concentrations in soil 
samples collected in 1969 and 
1970 from 135 locations within 
and around the Rocky Flats Plant 

Plutonium concentrations in soil 
samples collected on November 
17, 1972 from 20 sites within and 
around the MSS 199 lawsuit 
acreage 

Selected ra&onuclide 
concentraoons (includmg 
plutonium and amenciurn) in soil 
samples collected in August, 1976 
from 25 sites within the MSS 199 
1 aw sui t acre age 

Plutonium and cesium- 137 
concentrations in soil samples 
collected in 1977 from sites within 
the IHSS 199 lawsuit acreage 

Plutonium concentrations in 
ambient au samples collected 
between November 1976 and 
August 1978 from special au 
monitonng staoons on and near 
the IHSS 199 lawsuit acreage 
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Document 

D-7 

~ 

D-8 

D-9 

D-10 

D-11 

APPENDIX D 
IHSS 199 DATA SOURCES 

(conanued) 

Data Source 

Rockwell Internaaonal, "Plutonium 
Concentrations in Soil on Lands 
Adjacent to the Rocky Flats Plant," 
by C T Illsley and M W Hume, 
Energy Systems Group, LPR-1, 16 
March 1979 
Rockwell Internaaonal, "Disclosure 
to the City of Broomfield," 22 
January 1985 

Rockwell Internaaonal, "Sod 
Sample Collection and Analysis for 
Plutonium on Lands Adjacent to 
Great Western Reservoir for the 
City of Broomfield," by C T 
Illsley, EAC-47-85- 1, 10 Apnl 
1985 
Rockwell Internaaonal, "Remedial 
Acaon Program on Jefferson 
County Open Space Land in 
Sectlon 7, T2S, R69W, South of 
Great Western Reservoir," by C T 

1987 
Illsley, EAC-420-87-1, 15 January 

Rockwell Internabonal, "Remedial 
Acaon Program on Jefferson 
County Open Space Land Status 
Report for Penod January 15, 1987 
to October 15, 1987," EAC-420-87- 
3, 15 October 1987 

Nature of Data 

Plutonium concentrations in soil 
samples collected in 1976 and 
1977 from sites within the IHSS 
199 lawsuit acreage 

Page 9 Average plutonium 
concentrahons in soils on City of 
Broomfield remedy acreage 
Page 15A Average annual 
plutonium concentraaons in an 
and soil within and around the 
IHSS 199 lawsuit acreage 

~~ 

Plutonium concentrations in 15 
composite soil samples collected 
in 1985 from ten-acre plots within 
the City of Broomfield remedy 
acreage 

Summary of remedy acaons 
through 1986 on Jefferson County 
remedy acreage, includmg 
plutonium concentratlons in 
composite soil samples collected 
in 1977 and 1985 from ten-acre 
plots within the remedy acreage, 
and average soil plutonium 
concentraaons on eleven stnps of 
land after tilling in June and July 
1986 
Summary of remedy acaons for 
report penod on Jefferson County 
remedy acreage, includmg average 
soil plutonium concentrations on 
four smps of land after tilling in 
July 1987 
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APPENDIX D 
IHSS 199 DATA SOURCES 

(conunued) 

Rockwell Internatlonal, "Status of 
Remedlal Acuon on Jefferson 
County Lands East of Indlana 
Street, November, 1987 to 
November, 1988" 

Rockwell Internatlonal, "Status of 
Remedlal Actlon Program on 
Jefferson County Open Space 
Land, January 1989 to August 
1989" 

Document 

Summary of remedy actions for 
report penod on Jefferson County 
remedy acreage, includmg average 
soil plutonium concentrations on a 
smp of land retllled in July 1987 
after earlier ulhng failed to reduce 
plutonium to court-ordered actlon 
level 
Summary of all remedy acaons 
taken through August 1989 on 
Jefferson County remedy acreage 
(contains no newly generated soil 
plutonium concentratlon data) 

D-12 

EG&G Rocky Flats, Inc , 
"Jefferson County Remedlal Actlon 
Lands 1989 Remedlation Status 
and Actlons for 1990" 

D-13 

Summary of 1989 remedy actions 
taken on Jefferson County remedy 
acreage (contains no soil 
plutonium concentraQon data) 

D-14 

Colorado Department of Health 
Radlation Division, "Rocky Flats 
Surface Soil Survey 1970-1989," 
February, 1990 

D-15 

Summary of CDH Rocky Flats 
Plant monitonng program results 
for plutonium in soil between 
1970- 1989 

D-16 

D-17 

D-18 

Data Source I Nature of Data 

Rockwell Internatlonal, "Remdal 
Acuon Air Sampling Results - 
1987," data table only, not dated 
(approximate date early 1988) 

Plutonium concentrations in 
ambient au samples collected 
downwind of Jefferson County 
remedy acreage d u n g  court- 
ordered tllling in 1987 

EG&G Rocky Flats, Inc , 
"Jefferson County Remedlal Acuon 
Lands Annual Report - January, 
1991," 90-RF-7449 

Summary of 1990 status of 
Jefferson County remedy acreage 
(contcuns no soil plutonium 
concentratlon data) 

Rockwell Intematlonal, 
"Radloactlve Ambient Alr 
Momtonng Data," data table with 
attached a x  sampler locauon maps, 
not dated (approximate date early 
1989) 

Average annual plutonium 
concentratlons in ambient au 
samples collected near Jefferson 
County remedy acreage dmng 
court-ordered remedial activitles 
between 1985-1988 
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APPENDIX D 
IHSS 199 DATA SOURCES 

(contmued) 

The following documents arc published penodically and are available from a number of 
pubhc information rcpositones Copies of the individual documents are not included in 
this appenQx 

"Rocky Flats Plant Site Environmental 
Report" (published annually since 1971 
by EG&G Rocky Flats, Inc and their 
predecessors, known pnor to 1988 as 
"Annual Envvonmental Monitonng 
Report") 

"Rocky Flats Plant Monthly 
Environmental Monitonng Report" 
(published montihy since the late 1960s 
by EG&G Rocky Flats, Inc and their 
predecessors) 

"Environmental Surveillance Report on 
the U S Department of Energy's Rocky 
Flats Plant" (published monthly since 
1970 by the Colorado Department of 
Health and presented at monthly 
informatlon exchange meetings) 

Summanes of all envvonmental 
investigations and monitoring conducted 
on and around the RFP dmng the 
current year (summarizes data included 
in monthly envvonmental monitonng 
reports--see comment below) 

Summanes of av quality monitonng data 
collected on and around the RFP dunng 
the current month 

Summanes of av quality monitonng data 
collected on and around the RFP dunng 
the current month 
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DOCUMENT D-1 

"Plutonium in Soil Around the Rocky Flats Plant" 
(1970) 

P W Krey and E P Hardy 
USAEC Health & Safety Laboratory 
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PLUTONIUM IN SOIL AROUND THE ROCI(Y FLATS PLANT 
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Avorag8 Wind Ros8 a+ EIocky ?l8t8 P l a n t ,  19S3 - 1970 

AV0r.g. Eburly Winds During ?ire o f  M y  lL 1969 

Aver890 W l y  W i n d r  During Fir. Whfch bogan on 

BAdL S o i l  Sampling Sit.. 

Plueollrtnn-239 Contours around Rocky Flat. 

Sap- 11, 1957 
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Soil samples were col l8ct .d  to  a depth of 20 on a t  33 s i t es  

extending as f a r  as 40 nrrles from tha Dow Chuucal C o . ' r  Rocky F h t s  

plant i n  Colorado. 

2000 mCi/)em2 -re found o f f  the plant  r i te  b u t  these high concmntrr- 

trons decre8s.d r8pidly w i t h  drst8nce. The contamnation pattern 

txtends 08stwatd from t h 8  p h n t  i n  the  direction o f  the resultant 

a n d  vector and has v i r t u 8 l l y  no w8stward coanponent. 

LncorPp8-M With th8 wind dir8ction on the  d8y of th. Hay 11 ,  1969 

%re. Lading b8rralr of  plutonium l8dur cutt ing o i l  storod in thm 

I 

Deposition concentrations of Pu-239 as high a s  

The p t t e r n  is 

c 

t 

he contmuaant. 

Three mCi/km2 of Pu-239 is th. l0m.t contour reauly d i a c u n i b l e  

n the c o n t a ~ u n a t i o n  pattorn urd axtuads about 8 miles east .ad south- 

a r t  Of th8 pl8Xlt. The inVefhtOrY Of Rocky F1.t. Pu-239 W t h h  the 

2 
rnCa/km contour but excluding AEC controlled land i s  2.6 C i .  Tho 8x0 

ent o f  the Rocky Pu-239 beyend thir contour i s  d i f f i c u l t  to do- 

- 1 -  



s o i l  sample from nearby Derby, Colorado. The most d u t a n t  satas 

a t  40 rules t u  the e8st and north of  the plant show a s lrght ly  hagher 

value of 2.0 mci-2. 

I f  the extram and unlikely asarmnption is mado that thq a t a r e  aces 

lyang 40 males to tho east and north o f  thm plant is contaminated 

wrth 1 m C i / k n 2 ,  an additional 3.2 Ci o f  Rocky Flat. plutonium could 

havo be- r e l e a a d  to these remote areas. Sr-90 analysas o f  the 

Rocky Flat8  roals  and other studzer arm an process whtch maght re- 

solve this uncertarnty i n  the ranote areas,  but additional sampling 

m e  intenrming sit.. average 2.4 Mi&. 

may be raquired to thoroughly solve tho probl.slr. 

Tho plutonium h8s b r a  shown to I W V ~  dawn iato tho mil  8s f8r 

as  U an, although tha diatributaon show8 w i d .  nriability a m e n t l y  

depurding upon s o i l  chmrirtry. 

60% o f  th8 total plutonrttm below S an. 

alaquotang tha sampl8 and analysis -8 shawn to b8 t2W. 

duplacat. samples taken fraa th. ram0 location showmd sirpr1.r preci- 

saon andicatang t h a t  tha r o i l  sampling was rrprasurtative of tha area 

Studred. t 

In sovarrl cases thore is as much as 

Tho analytical precision o f  

Anrlyses o f  

- 2 -  
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J N T R O D U C T I O N  

On May 11, 1969 a serious fire broke out a t  the Atonuc Energy 

Zomusrion s plutonium processing plant a t  Rocky Fla ts  Colorado . 
Stuaulated by the poasrble release of plutonaum to tho environmmt 

b y  thrr f i r e ,  D r .  Martell dawnstratmi the presence o f  Rocky Flats  

plutonium m s o i l  around the plant (2) 

I 

On f i r thor  inveatigat~on it 

appeared that there were three other plaus~ble  sourcms for U u s  o f f -  

s i t e  pbatonium, i *e. t 

, 

3 a chronic low l rvo l  at.& efflumnt. 

Boc8use of our urp.rti80 an soil s8mpling for radionuclide. and 

their analysea, HASL -8 hvitod to perford 8a bitA.1 study o f  

of thrs mitaal study -re t e s  

(a) mad b n d l y  quantify the levela o f  Rocky 
P1.U plutoaa= in th. mil:  

- 3  - 



? aoueratronal Survcv 

* 
To assart US ~n derrmg a sampifnq program, we requastad 

. Dr. I. Van dor Hovon, Chief, tIUI, =SA, Waskngton, D.C.  to maka a 

mtmrologicai oxamination o f  tho Rocky P l a t s  arar. 

I 
Ia reaponre 

C .  R .  Dickson and G .  B. S t a r t  surveyed tho arm& during tho wr8k o f  

January 268 19700 and an tho~r mrarormdum to tho f i l e s  ( 3 )  mado the 

followrng obsorvataons and recolammdataons: 

1. Mor. rf n o t  meat o f  tho Rocky Plat .  plutonrrmr in tho 

s o i l  around tho plant -8 contrabuted by th. 1957 f i r e  and tho 

2 .  -80 drum8 wore placed in outsid. storago ftora 1958 

mtil  1968. Initial leakago m a  dotoetad in 1964. 'ph. L?lrrLIQa 

in tho distribution o f  this contammation on tho p l a t  proputy 

during a priod o f  on. y o u  auggaatw3 that a gradual soutlmaaknrd 

3 Th. vmnd roaa rvoragod ovor a 17-yoar iate-1 a t  tha 

Rocky Plat.  p1-t i 8  given U F i g u r ~  1 .  

25% o f  tho t i m o t  over 50% of tho wand8 have a matmrly caapbnmt. 

Wart wind8 OCCUL: rlmoat 

The strongest gusts and tho diroctaona of tho moat fraquont strong 

gusts ( 8 p . d ~  graatrr  than 40 mph) ara from tho wst. Tho r O a U l -  

tant wand vector ( d a r i v d  froat t h e  wand rose frequoacias and mean 

speeds) pornts almoat exactly eastwrd. 

- 4 -  
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AVERAGE WIND ROSE AT ROCKY fLA73 PLANT 
Ism-1970 

UROWS POINT TOWARD THE DIRECTION THE WINO 13 
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Tho Dewar wand ma. shows that southerly to routhwst.rly 

Air flowing e88fwrrd from ~acky Flats wad8 are moat frquont.  

should morgo wath th. southerly aar flaw acxoar Denver and bo car- 

rtod north-north 888tward. Tho South Plat+. River Valley, about 20 

males ea.+ of R o e  P h t 8 ,  as tho logical  terrain feature along w h i c h  

this t r a m a e o n  f r s m  weakrly f l o w  should approach compleaon. 

Tho wind direction on 5/11/69, tho day o f  tha l a s t  soraou8 firm, 

was momtly from th. north - northeast a t  sp0.d. from 2 - 10 mph. 

Figuro 2 giV.8 IP.M hourly wind8 during #8t f i r e .  

during th. 9/11/S7 firo are shown m Pig. 3(4)  . 
Tho wind dfrectaonr 

4.  Strong gurty wind8 froquontly occur i n  the le8 o f  thr moun- 

tam8 8 t  Rocky F18t8t SOV8r.l day8 mch yoar wind gust8 utC8.d 70 to 

80 mph. 

sorl and alluvaum leaving nrortly rock and sand prrtacle8 a t  th. 

Conroquontly, wind aromion has rmnovod much of thm fino 

1 

ground Surface. C I 8 0 k S r  w 8 l l l U t  a d  Cr88k.r p.80 to the 

north and ropth of  thm plant i n  an eaaterly direction. 

began to f l o w  through sagnrficantly deep gullies (several hundrod 

yards widd a8 they flow by the 08steM l d t 8  of tha plaat .  Th. 

sor l  an the gullies which w a s  wand .rodad from tha f l a t s  a s  finar and 

deepor, and as more lrkely to  become a trap f o r  w a n d b o r n e  prrtacles 

o f  plutonaunr. 

Theso CX.8kS - 
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FIGURE 2 
AVERAGE HOURLY WINOS OURINO FlRE 

OF M4Y I I ,  1969 
ARRWS POINT TOWILRO THE DIRECTION THE A M R M  
HOURLY WINO3 WERE 6LOwIffiTH~ LE” oc THE 
ARROWS AND THE cowtwmc CUICLES MECCLCT THE 

I WllYO V E l S C T Y  IN YPH. 

12 Mrn 
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\ / I 
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WHICH 8€GAN ON SEPl'EM8ER II, 1957 
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SamDlLncT Sate Lo ca taon 

The weak o f  February 9 ,  1970 waa rot  arrdo f o r  tho collection 

o f  the soal smnplom. 

wa8 grven to r l t o  l O C 8 t i O n  i n  tho downwind dfr8ction from th. p l 8 n t .  

B88.d upon the pro-oporatronrl IUIWY, .oph.ais 

If the d O S U l t 8  Of -8 1imaft.d On0 W d C  8MPlh9 r8VO81.6 a O r f O U 8  

defrcr.ncle8, tho intmnt W88 to-colloct  additional ~ r l ~ p l o a  lator to 

satisfy tho n o d .  

are given i n  Table 1 a d  plot- i n  ?igura 4 .  

Tho raloctad 88mpling r i u a  and thoir doactiption 

', 

- 9 -  



I 

- 10 - 



a Figure 4 

HASL SOIL SAMPLJNG SITES NEAR 
DOW CHEMICAL CO.,ROCUY FLATS PLANT 

$- 
I 

D 



moarure th. total  anmuat Of plutonium that had failon out. A t  th. 

tum, rn a r h t r a r i l y  decided to sample frorn tho surface down to 20 

cuathmtus, q c t i a g  t h a t  a t  -0 depth wm wmld iacludo all th. 

phtonium. Wo 8-11 briefly domCSfbo th. rampling frchaiquor u r d .  

Firm+ laid 

U i t h  about 30  cm 

- 

In tho80 arm.. whoro corm oamplbg -0 poasiblm, 

out a rtraaght l ~ n o  t r m o o c t  about 5 -tars long. 

(0110 foot) sp8cang8 ua botwoon caron, 

diamotar plug. from tho &aco fo S cm, includiag tho v.gotation 

and toot mat. 

l W x t  m r u w v d  thr roil frm 5 to 20 QL w i t h  an augu which bozos 

aa 8.9 au dimtar hole. A t  o a e  oitom, wm rep.rat.4 th. 0 - 5 QI 

and S - 20 o oIrrpJoo. fa mat caooa, houmvu, th +rro fraction. 

war. cambinad. 

aro givur olr.wfioro(s) . 

w, cut out tm 8.9  an {3.5 ur.) 

In th io  way w 8  oanplod an arm8 o f  622 cps? (0.67 ft’) . 

m t h o r  rampling dotailr and deoctiptiono of thr, tool8 

A t  mp s i t .  MO. 8 ,  m 8-d a a 0  bolo &Pth -file by 

moch.rucally drilling w i t h  hole ram to a dopth o f  U QI. 

from u to 20 QP -0 dono wit?r th. b ~ d  augot. 

Sampling 

A t  tho.. ritoo who+. t h r o  w.8 a psmponderanca of rock8 in tho 

In= s o ~ l ,  tha proforrd mathod o f  cero rampling could not bo dono. 

stead WI p1rc.d a 930 oquaro contimotar (on0 rqurrro foot) -tal 

- 12 - 



template on top o f  the spot relacted for sampling and cut out  the 

sanple w i t h  chtsels and scoop.. The rocks were mclnded with the 

sample. 

A t  map rrte No. 6 ,  wa took ramplea tf r o i l  a t  varroua depth. 
I 

down to 20 an .  

one square foot  template and chiao1 O u t  the sampler aa carefully a r  

possible. 

a n t  down m depth it war necearary t o  -per: toward the curter o f  tha 

930 an2 area to  avoid contamin8ting nth .oil from the uppor levolr .  

This war a very rocky area so that  we had t o  use the 

The frrst 5 a n  were r e l r t i v e l y  eary to  armple but a# wo 

Conroquurtly Could not get 8l3 8CCUZ.k 8x88 m88Summent bel- 5 0. 

To convert frma tha moarurd coacmtr8tionr (dpn p u  g r d  to 8ctivity 

mr Unit 8r.8 W, 8 8 0 A 1  drn#iw O f  1.2 g w  mr Qp3 down to 

15 a n  urd 2.4 grama pmr d froo 15 to 18 an. Thaao denrity valuer 

ware 0bkfn.d 8# 8VOS8gW O f  8 COn#id.r.blO body O f  d8- 8 C c \ r r r r l 8 t d  

a t  BASL OVIK 8 15 y e u  pried. A8 m r8mpl.d the depth profile 8 t  

- u -  



8Ura thar was ptopr, wo analy2.d tha sapratad rock fraction o f  tho 

sol1 contaAau%g thr highwt concmtration o f  plutonium. We found 

only 0.2 prcmt of th. total plutonim a8aociat.d wath tho seepa- 

ratad rock. urd thoraform nmqlactad th. rock frac+ion aa tho r a i n -  

ing s.mpl.s* 
r 

- 14 - 



One hundrad gram alrquota o f  the pulverized material were 

aliquotcd a t  various tames f o r  rubmrsraon to  the analytacal labora- 

tory %r roil sample praparataon procedure and equippcnt used 

for crushang, blending, and pulverizang are  dercrabed elsewhere (5)  

I 
I t  

me radaochenucal procdure-for  plutonium an r o i l  was d e V 8 l O p . d  

Radtodhcnucal Procedurq 
I 

by Norton Chu a t  the Health and Safety Laboratory. 

l eachug a 100 gram 8l iquot  o f  r o i l  w ~ t h  hydrochloric and n t t r i c  acidr.  

We show below that this mthod effect ively  removes a l l  the plutonium. 

Plutonium i s  uolatod by anion exchange ( n i t r a t o  form) and electro- 

deposttd on a platinum disc. The plutonium .sotops are r.80lV.d 

by alpha rpoctmmotry and yielded with Pu-236. 

descrabd an dotas1 818OWhore 

It involves 

I 

This procedure i s  

Mort of the 8n8lyr.8 o f  tho mcky Fl8- m i l s  w u e  don6 by two 

contractor hboratorfem: T.lodyn0 Imtop.8 o f  Palo Alto, C81ifOZni8 

(designated here 88 IPA) 8ad Tr8p.10 Divirma Wost O f  R&C)PPOad, 

cahfornia , (W) 

~ompleto diaaolution o f  8 sampla for radiochdcal  analysis is  

the clasri- 8ad m a t  dapondable matbod O f  8dy8i.a m u ,  h!l 

the case o f  roil, at fa 8180 mmt d i f f i c u l t ,  todioum, and con- 

swung. The HASL leach method was d8v81op.6 to elcminatm th. n o d  

- 15 - 
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for caaplatr dissolutaon b u t  to p r w t d r  accurst., depmd.ble re- 

sulta To rhaJ that tho leach amthod fulfa1l.d t- objectrves, 

m y  s-pl.8 ~ 0 x 8  aM1Yz.d by both leaching and cmnplet. drroolutton 

ud gaV8 COlOplI-18 r8SUlt8. 

dtffermt samples from Rocky Flats -re so1ect.d as rep- 

rmsenting widely drfforont s o i l  -8. 

were analyzed f o r  Pu-239 by the leach and fusron mthodr. 

mothod affords completa dirsolution of th. rampla by dacmnposing a t  an 

Duplicafr aliquots o f  each 

Th. fusion 

-1-n S o d i m  C 8 r r b o l l 8 k o  T e l O  2 give8 fh8 re8UltS O f  tho.. aXl8lyS.S 

ahow that  t b  m8.n p.rC8at deviation b8-m t h  mehod8 W.S Us 
with no obvious bias. 

O t h o r  soils -re similarly analyzod a d  tha r8aults are also 

A socond ram- of  cmnpleta diaaolution was reportad in Table 2 .  

usad for soma O f  -8.8 8Mp1eSr and i 8  urdicakd a8 Hlr d i S S O l U t i O n  ur 

t h m  tabla. 

digastion of  tho a p l o  with hudrofluoric and perchloric acids. 

maan porcent devi8tion batwren mathod8 for -88 soils is 12% which 

a s  not statastically different fmm tha pattarn ia tho Rocky ?lata 

rorls.  

parltts an accurata assesrmurt o f  tho plutonium contmnt an many, af 

Thf8 +rchafqu8 affects cemplata dissolution by prO1Ong8d 

Tho 

~2m.r data convincingly dmon8tx8ta that -8 leach procodure 

- 16 - 
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‘ 0  

not a l l ,  sotlr and certainly in the soils  encountered ~a the Rocky 

P l a t a  area. 

The deviataon8 between methods reportd m Table 2 include tho 

esroz texas attandant to aliquotiag and analytical pracirron. I f  tho 

sample i s  aot homogenrzd. deviation8 b o t w e a  al+quotr w r l l  be b g h .  

By manhating tho error due to analytacal precision, the data Ln 

Table(2) suggests t h a t  the error due to aiLrquo+tnq as t13X or 1.88. 

R E S U L T Q  

Tha Pu-238 and Pu-239 analyses of a11 tha Rocky Flats r8aupl8s 

plus additional refareace sampler axe grvur Tables A and B o f  tho 

App.ndix. Coarplok information togarbing tho collection area. tho 

Ra-239 and Pu-238 rnt.gr8td ftoaa 0 - 20 aa 8 t  rach m8p rate w.S 

calcula td  from Table A and AS 8DPIp.riz.d i n  Table 3 .long With th. 

mtegratod Pu-238/Fu-239 ratto.  

portod. th avorage o f  tho duplicatms were used i n  calculating the 

I 

. 
When duplzc8ta rnalyros wore roo 

1 

map s i t a  v r l u 8  ~ 1 . ~ 8  otherbare sp8ciff.d UI Table A.  The deposr- 

tton contrrurs derrved from Table 3 ar8 p l o t t d  in Figure S *  



Smce a number o f  earliez reports gave thei r  data only i~ 

units of d p / g  s o i l ,  these values are also shown i n  Table A .  

unita are not a t  a l l  useful for our study, and are d i f f i c u l t  to com- 

pare w i t h o u t  rpactfyang depth o f  sampling and sample pretreatment 

These 

Th8 rmsults o f  th8 depth profile studies arm summrrized i n  

Tabla 4 aa percent of the integrated ac t iv i ty  down to 20 a n  found i n  

each incremental depth sampled. 

N.W York C i t y  and W8pe8Vllh, Ohro are rncluded for conrpariaon. 

Profi les o f  f 8 l l o u t  plutonium an 

- 1 9  = 
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Figure 5 :  

PUJTONIUM-239 CONTOURS AROUm 

Contour valuer i n  mCi per km2 
(light figures) 

Nunbered sampling s i t e s  
(bolder figures) 

AEC property bouadary - - - - 

ROCKY FLATS 

DOW Rocky Flats Plan= -------- 
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m L  carrier on an olaborate and extensive quality control 

program, both internally and wxth r t r  contractors, to assure the 

valtdity o f  reportad analyror, 

from our fallout program., tho qualaty control procodurea and reoulb 

are reportd horo in d e t a i l .  

Since this partiedlar rtudy d i f f u r  

f 

Te monitor the qu81ity ok tho an8lytrc81 rorults, blind control 

ramp188 W.rO 8 - d  dth th. mrP.1 8 C h . d u h  O f  r O U d n 8  88lEp108. 

Th.80 cOntrol8 h C h d . d  blurk or lOW h V . 1  Pu-239 8ainp188r dUplic8t. 

altquota of preprod  ampl lor, and reveral toforonce ramplor. 
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Table s 

I 

I 

wmacliff Lake, N . J .  

(Coll .ctd  klw 90 QL - 
an March 1970) 

IZUL 0.0003 t 100% 0 e0002 f 100% 

0.0001 t row 0.0001 t 100% IPA 
IPA 0.0001 t 100% 0.0001 * lQW 

TLw* 0.01% t 7% O.OOS4 * 14% 
Tt# 0.0001 t 10- 0 .om1 100% 

0.0046 f 7% 0.0001 f low 
0.0043 f 6% 0 .OOOl f row 

0.0009 t 53% 

0.0001 f low TLu* 0.0468 t w 

TLW 0.005s t 2% 0*0002 * 100% 

IPA 

IPA 

TLU 0.0071 t 9% 

= 24 = 



0 m a l l  amount of Pu-239 penetrated to that depth o r  more reasonably 

the sample was rlzghtly contaaunated durang collection o r  subsequent 

pre-analyses treament. However, an one Of the rcplxate analyses 
- 

o f  each o f  these samples, Trapdo r-rs to have mtroducmi from 

2 to 4 dpn o f  Pu-239 contaminataon (100 gram aliquot8 w8rm 8n8lyz.d). 

Thas can' rop~oS8nt  a major por-on o f  the total act iv i ty  found i n  

aamples r.mota from the Rocky F h t 8  plant: alfhstgh the d8ta in 

Table 5 a180 suggeat that this contamanataon a t  Trap10 i s  not con- 

8 & S t 0 1 ¶ t .  Exmunation of Table 5 and T8bl.a A and B UI the App8ndix 

analyaes warn n o t  auastarable or was relatively uaimportaat to  thm 

ca l  Precision 

The percent detriauon b8tw8an aliqrrot. of a prop8r.d sample, 
I 

w)uch rmpros8nt8 th. differonem bkrrm aliquot8 divfdd by thr 

mean, was a l d 8 t . d  for e8ch sot of duplic8t.s in Tablor A and 8 .  

The data ware subdavidod in- the iatuaal replication a t  X p A ,  TLW, 

and. HASL and also into thm replication botwomn those 1.bot.toties 

was compukd 8ad i 8  roportod fn Table 6 .  It should bo notod t h a t  

- 2s - 



l the resul t s  of several samples reportad b y  TLW were ruspoct, and 

duplrcato a l q u o t s  of t b s e  sample8 were subsequently s m t t d  to 

IPA for vorificataon. Those rots o f  duplrcates wore Urc1ud.d u 

the compilation of Tablo 6 and r o f l a c t  a r l r g h t  baas against the 

I 

I 

I rand- se lect ion o f  duplicrto mots. 

Table 6 urdicates that th8 precision o f  Pu-239 analysis both 

internally and betweon IPA and BASL ranged up to  228% and averagod 

below 220%. 

TLW and tho othor laboratories WII 3 tirP.s higher .  

a e r  ref loct  not only tho procision o f  analysis but a lso  tho raprosan- 

tavi ty of alrquoting tho propard s.mpl0. 

Tho antornal procfsaon a t  TLW and the precaraon betanon 

Thoso uncertam- 

, 
Pot uumple, Table 2 sug- 

Plats soils gives an avorago urrcartaanty 

o f  l esa  than UI. Each of tha results O f  the Rocky F l 8 t r  roil anal- 

yses were aurmind an th. l i g h t  o f  oxpctd resul t s  bas& upon loca- 

' I  

I 0 gestr that aliquoting 

, 

l tzon and comparison to norghboring rampl.8. Romalyses mr8 p r f o r -  

mad whon doam3 nocossary, and data mra accoptod dopond~ng upon 

thoar reasonableness uad tho laboratory conducting tho analgais. 

Therefore, fh ovezall analytical procfsron was . b o u t t Z Q K .  8 

The loval of Fu-238 in many of tho smnples was bo low 81 to 

ancur largo counting umrr.  If eithor a l iquot  had 8 counting error 

/, 
I 
I 
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greater than 230%, that duplrcate s e t  war omitted from further con- 

radaratLon W i t ! !  that l m i t a a o n ,  the maan percent deviation be- 

w o n  a k q u o u  f o r  Fu-238 analyses w.8 very S h l a r  to the b8havror 

of Pu-239. 

, 

alvt tca l  Accuracy 

The accuracy of the Pu-239 analyses i s  d i f f i c u l t  to establLsh 

because of the lack Of a standard roil sample. 

reference sampler ware analyzad zn whrch th8 plutontum levels can bo 

approxamated from t h e A r  Sr-90 content Table 7 rdenttfres the80 

samples givrng the Sr-90 mearuramentr, the exp.ctd Pu-239 values 

b a r d  upon a Pu-239/Sr-90 ra t io  of  0.02 ( 6 ) 8  and the roportmi Pu-239 

nu8rur.mu!ts. Th8 "td" and "black" sot18 which were col1ect.d m 

1958 a t  Rahtgh, North Carolina and Wenry County, Illinois,  

rospectively, w r o  prepared as  reference r o i l  samples and were 

ana1yz.d many tuner for Sr-90 c o n t e n t .  The i n i t a a l  Pu-239 analyses 

of  the '*rad* and "black" s O S l 8  by TZv ret1ect.d tho laboratory 

However, scrveral 

cont.nunation &rcursed earlier. The re-analyses gavo valuer which 

0x0 about mice  thr exp.ctd values but t n  agr-ont w i t h  W L ' r  

a 8 t ~ n 8 U ' b f  the  "black" r o i l  using the furLon trertmnt.  

u r d  -?u-239 in the  Derby, Colorado (1965) and New York C r t y  (1967) 

~ h m  nmai- 

- 28 - 
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rult8 wmro r h ~ l a r  becauao tho Pu-238/Fu-239 rrtio for a11 r8mpl.S 
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l-ng and f ~ r t i l i ~ a t i o a  may mhrrr~o th. duwaumrd movanant. 

better definition o f  tho plutonium dfatributaon With depth a t  those 

Lacking 

other  ritas wa asstmad .Sut ia urpling to 20 QD wo ramved essa9- 

-ally 8l1 of th. plutonium eat h8d frllrn Out. 
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-on-nataon paturn leaving tho plant s a t e  (Figure 5) 

. e t a o n  o f  plutonrum a t  U = below tha s o i l  surface would furthor 

.and to nt la  Out  a significant con+rrbution fran this ovuat. Tho 

;optanber 11, 19S7 f f r a  can not be eliminated on tho ba8ir of th. 

An& a t  the tiam of that firm (F'iqura 3 ) .  

u z a  of tho dioxide from burrung plutonium i s  e s c t t o d  to be rub- 

ucron ( 2 ) .  Tho sharp gradient and rolatavaly short downwind a- 

oat of  tho c o n t o u s  i n  ?igure 5 8x0 not c a ~ p a t i b l a  w i t h  d o p 8 i t i o n  

T ~ O  do- 

-ver tha particle 

,f sub-nricron p8rticl.s. 

Thara 810 swex8l obs-tions .bout tho plutonium di8tribu- 

fan which link th. coa*rcain8~0a to tho leaking barrels. Tb. 

,&tanfum ladan o i l  frpr tho c0rzod.d b u r o h  con-kb tho .oil 

a and .round t& stsr.gr, 8rm. A. th. o i l  s8op.d underground or  

1V8 f l r l t . d .  strow wty rinb. w)rfch O C N I  pr.domtn8nfly fm th. 

mst. resuspurdod tho c o n t a m i a a t d  soil carrying rt euttmrd. 8.- 

'8u.o tha efficiency for resusp.ndfng puticula+.s dOCre88OS with 

3w.r wand ve loc i t~e8 ,  tha Z d 8 t i V O l Y  l ight e i t e r l y  wind8 would not 

l a r t r i b u t .  much contamination to tho wrst o f  tho plant r i a .  I 

The banal storago area -8 in a ragion on Rocky Flats whore 

he ground -8 mo8tly COUI~O mck urd rand p8rticl.r. If thoso 

- 36 - 



partacler a:e resurpended they would fall back to the ground rather 

guockly The rapad dccxease o f  the b g h  level contours east  of  the 

plant rata supprta tfus view. Szmrlarly the contanuna-on did not 

concentrat. ~n the creak ravmer a s  do the fine paracles o f  sorl and 

alluvaurn .I 

It a s  b t e r e r t b g  and probably nuuringful that the survey8 o f  

the barrel storage area on the plant site suggestad a .ou+h.ar+.rly 

nugrauon of tha c o n w a t i o n .  The contours o f f  the p l a t  a l t o  ua 

Figure 5 also show a s t r a g  routherly component. 
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-port by the U. S .  Atomrc Energy Commaaaaon on the May 11, 
1969 Fare a t  tho Rocky P l a t a  Plant noar Boulder, Colorado 

USAEC a e s r  ~ b l e e r o  NO. M-2S7, ITr.Sday, munber 18, 1%9 

-port on th8 Dow Rocky Flats  Fire: Implicaetonr o f  Plutonium 

Colorado ComrPrttee for Envirommntal Infornution, Subc0mrutt.e 
-18888s to +&e Rtblic Hoalth and Safety 

on Rocky Flats, Bould8rr Colorado, January 13,  1970 

Dickson, C.R.* and G .  E .  S t a r t  
Plutonium ELleases to tho Envrronmont a t  Rocky F l z t s  
Memorandum to tho Files, ESSA Rosearch Laboratorres, 

P e b a r y  4 r  1970 

Fllcramnd, S . E .  
Rocky Flata Division, Tho Dow Chaucal Company 
Privata Cornmuarcation. 1970 

Barley, J. E., &tor 
~ a n u a l  of Staadard Procodures 
malth and Safoty Laboratory, U S U C  Rapor+ Nyo-4700, 

Auguat 1, 1970 

average of stratospheric ratios fraa BAS0 and Stardust 
programs from 19% - 1966 
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A B S T R A C T  

On August 19 1970 a coinniittec was appointed by Lluvd M Joshel General Manager 
of the Rocky Flats Division of Dow Cheniical U S A ,  to JSXSS the long term potential 
hazard of plutonium containinated soil under and around an asphalt pad at Rockv Flats 
The committee wds also lo make recommendations lor disposition of the contaminated 
sod The arcd covered by the asphalt pad had been used as an outside storage area tor 
plutonium contaminated oil drums T h i s  report contains the essential infomation 
relating to the evaluation The evaiuation indicated that there IS no health hazard associ 
ated with the levels of plutonium soli coniJinindtion found in the vicinity of the asphalt 
pad T h e  report reviews the pertinent published l i t c r ~ t u r e  and prcsents the results of 
research initlatcd in support of thc investigation 

IV 
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COWIIJTIIC I VALUATIO\ or PLUTOWII LEVELS I\ soiL WTHIN \AI)  
FURR0UNI)INC; USt\CC INSTXLL,\TION \T ROCK) I-LATS COLOR \DO 

PART1 STATUS 

1 INTRODUCTION 

In Jut\ I1)q8 JI the USAtC Rockv F h t s  Installation an 
~ r c 3  o i i  tlic p h i  site WJS dcsigiiJicd JS J tciiiporJry 
stordgt Jre3 t o r  ~ontaininated oil  drums Subsequently 
some ot the drums developed oil leaks and somc plu 
ionium contJnilnatCd oil WJS deposited on the soil The 
are3 WJS l ~ t e r  covcred bv Jn Jsphdt p ~ d  

A Coiiiiiiiti~c WJS appoiiitcd b i  Llovd M Joshcl Liicrd 
M J n J s r  01 ilic HocLv F l d s  Division ol Ihiu Ch~niic.11 
U S A UII Aucust 19 1070 to m e s s  the lone ierm potcnt i~ l  
tidrard d n d  niAc  raommendrllions lor disposition 01 the 
plutoiiiuni contdminitcd soil under and around thc Jsphdlt 
pad, which Lovered the area that had served as an out 
door plutonium contdminated od drum storage area 

Mcrnbers 01 the committee assembled over 3 000 pdges of 
pertinent published Iitcrature Contacts were established 
with personncl throughout the AEC complex having similar 
problcnis Jnd responsibrlittcs (plutonium in soil) 

In general the committee assembled and studied reports 
concerning 

I Rochy k ld t ,  IiistoricJl ~ntoriiiaiion on the oil drum 
siordgc JrcJ 

1 A C C t l  r c p o r i  h v  L 4 MxtcII cntttlcd Report on 'IC 

Dow KOLA\ I-IJts Fire I m p l i ~ ~ t i o n s  ol Plutoiiium 
R e l c ~ s c s  io thc Puhlic H c ~ l t h  Jnd S.ttec$ 
1070 

JJnuary I3  

IO TcLhniqucs tor plutonium reilloval from soil and 
cofltdmlnJtCd wil disposition 

I 1 Plutonium bio1ogicaI issimil~tion data 

I2 U S and other governments' recommended lunlts for 
plutonium contamination 

13 Techniques lor soil stabiludtion 

14 Radidtton survey instruments whose sensitivity and 
discrimination allowed for detection of plutonium 
suridce contamination 

1 
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Spxiti~ programs wcre initiated fo evaluate the plucoiiiuiil 
anfamindtion data available Iron) HASL  and CCEl rcports 
as well as the soil analysts data being collected by the Rock\ 
Flats Health Physics Department Action was iriitiated t o  recently proposed standards These standard -e used 
core uniple and analyze the soil covered by the asphdlt 
pdd Action was also initiated to evaluate s o i l  stabilnation 
techniques Contacts were established with sonic ol tlic 

Tlic c.oinmiclce dircLtcd s p e d  attention to contamination 
standards ihJt hdd been used in previous incidents 01 
plutonium cmiarnination in sod particularly the most 

in assessing the potential consequences of the level of 
plutontum contamination ortgurating from the Rocky 
Fhts oil drum storage ared 
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2 ASSESSMENT OF POTENTIAL HAZARD 0 rc\ucptnsion d ~ i  I Jnlt dn dcLeor&le rid. 0 1  I 5 REM:\ r 

standards h.nc hccn r?LomincndLd it1 [lie pi diwstcr or 
cmcrgcncL \ i t u J l i t m  hakc nor u d  speciliL guidelines 
hut rather 3 process 01 ~ u d i ~ i o u s  decision making 
hJs bccn cinplcwcd The main euideline for the judicious 
decision m d h i n c  113s been to maintam an “actual dose 
JS near 7cro as possible This freedom of interpretation 
however is shortly coming to dn end I t  is this Lommittee 
opinion that the IJSI data in the following table have been 
reasonably developed are realistic and have a high 
probdbilitv o f  being adopted bv the USAEC for plutonium 
in soil The assessment of hazard and our recommended 
actions should be consistent with these interim recom 
mended standards I t  should be noted that the contour 
lines established usmg the HASL Report 235 data 
and the data from the CCEl report as well 3s the da J 

I t !  I l l C  JdUlt p U l l l l t ~ l l J n  l U l l l p h  fltdcs ~lhOUl!!ll SpCClf IC 

X reJWnablk thorough reading ol [he IiterJture Jvaildblt 
on biological dssunllation redistribution deposition m d  
effects does not reveal any health hvdrd assoLiafcd 
with the levels of plutonium sod contamination found in 
[he vicinitv of the asphalt pad There are unanswered 
questions relative to hi& LET radiation associated 
w t h  low level internal exposure This IS an area of 
radiation research which IS being actively pursucd by 
Los Alamos Scientilic hbordtory Battelle Northwest 
Lovelace Foundation Lawrence Radiation Labordtory 
the University of Utah, and the Universirv ol Rochester 

The standards that have been used for plutonium soil 
contamination are based on sets of assumptions including 

MAXIMUM PERMISSIBLE. ALPHA CONTAMlNATION 

pCi/m a - 
0 1  

0 1  
i o  

0 I t  

0 1  
1 0  

0 1  
i o  

0 1  
t o  

0 02 

0 01s 
0 002 
0 006 

0 0 4  
0 4  

4 0  
40 0 

Country Remarks 

United Kmgdom (Dunrter) 

United Kmgdom I O 0  22 2 
IO00 222 

Inactwe areas 
Active uear 

CrcehoJovakia 

France 

Poland 

South Africa 

United Stater ICC 

I 1 0  34 4 Workplaces after decontaminrtion 

I O 0  7 2  7 
1000 222 

Equipment and workplaces in ‘ inactive areas 
Equipment and workplaces in actwe areas 

too 7 2  1 
1000 212 

Labs restricted to using LOO u CI or less 
Labs permitted to use more than 100 Y Ci 

100 
IO00 

22 1 
221 

Body prmnal clothing inactive artas 
Equipment and workplacaa inside controlled u e a s  

10 4 44 Internate Commerce Commission (Dept of Trsnmonacion) 
pertains to intmor of vehicla prcvmurly used for trmspor 
tation of  materula 

1s 3 33 
2 0 444 
6 I 3 3  

Work clothing and rudrca before cleaning 
Hrn6 and w r k  underclothing bofare cleaning 
Work Swfaces after cleaning 

U S S R  

40 8 8  
400 88 

Urban ruburban, rrcnatlon uou 
Rural u u c k  fummg, annual food crops pazing land 
m i l k d e d ,  ctc 
Rural dcrp root perennWr (e I. nuts, certain fruits) 
Remote or Controlled deun format. fenced or limited 
rccen ueas  

4000 888 
40000 8688 

a ‘.)Units used m HASL report No 23s 
@)Units used by Rocky flat# in reporting mil anJyrb (in moa cum 8 rp.cUk ma*Lty of one (1) was rwmed for converdon of units 
(C)Rccommendcd 8t an Intcmation.L Symporrum on RacLo1ogic.l Rotection of the Public in a Nuclcu Mass Disaster (June 1968) 

3 
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ribtdined bv !lie R o ~ k v  F h i s  He3ltti I’hvsic\ DcpJriiiiciit 
slic~w values in excess 01 thc rccuniiiicndcd liiiiiis cxtciidinp 
beyond our propcrit houndmes 

Other significant regulations that should be considered in 

assessment of hazard are 

1 Criterion I of  10 C F R  140 84 (Ftnancial Protection 
Requirements and Indemnity Agreements) which con 
siders surface contammation values above 0 35 CtCilrn’ 
(77 dpmlcm’ 350 mCi/km’) o)er I00 m’ of  property 
as the mmimum level of transuranic radio nuclides that 
would comprise a substantial discharge of radioactive 
material from its intended place of confinement 
I n  the HASL report there are contour lines extending 
beyond the plant boundary that show plutonium con 
centrations in excess of this value 

A Colorado State Board of Health Regulation 
should be  considered 

Radiation Regulatron No 2 

Rquirmg stabilization of uranium and thorium mill 
lading piles This regulation applies to ufi uranium and 
thorium mill falling piles and could bc interpreted bv 
the courts to apply to our radioactrve ‘pile 1 t states 
that all such piles shall be stabilized against w n d  and 

RFP-INV- 

u3ter  erosiuii I r  stdies that an\ recognized technique 
might br eniploted suLh as concrete petroleum produl 
LIL so .IS to cnsure proper protection from wind Jnd 
waier erosion Access to the stabillzed area shall be 
controlled by the operator or owner 

Although the plutonium contamination of soil in and 
near Rockv Flats can not be considered a “mdl tailing 
pile, this Regulation gives an indicatton of the State s 
tliinking m .I somewhat analogous situation 

lnitidl estimates mdde by Rocky Flats Manufacturing 
personnel brscd on iota1 number 01 leaking barrels and 
average plutonium concentration in  the oil led to a value 
of approximately 85 grams total plutonium deposited in 
the sod beneath the barrels 

Making use of 311 the soil analvsis data one can c d c u  
late an estimate of 7 6 grams over 5 63 km2 ( I 2 “3 acres) 
outside the plant boundary down to the I 3  mCi/km2 
contour The authors 01 the HASL 235 report estunate 
between 2 6 dnd 5 8 Ci off AEC property (38 to 85 
grams Rocky Flats plutonium) 

After taking 311 aspects into consideration the committee 
concludes that additional land should be purchased as 
proposed separateh 

5 I 
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Cliangcs iii wcdpons dcsian Jnd 111 IllJnUl JLtUring proccsscs 
signiticJiitlv tncrcascd tlic mioutit ot con tdiiiindtcd ciilc 

hciiig gencrdtcd This pJrticul.dv signilic t i i t  in tlic nidiiu 

lacturirip 01 plutoniuiii coiiipoiiciits Tlic prohlcnis 01 
perniment disposds Jnd  ot s l o r J m  01 tlic iiicrcmng 
quaiittttcs gcncratcd werc Iccopni/cd in I ‘)SO 

Thc outsrdc plutonium contJnilnJted oil drum stordgc 
area was first establishcd in July I1)5X 

Most of the drums transferred to the field wcre nominal 
55 gallon drums but a significant number were 30gdllon 
drums Not all were complctcly full Approxunalcly three 
fourths of the drums wcrc plutonium contamindtcd whereas 
mos; of the balance contained uranium Of thosc contdining 
plutonium most includcd lathe coolant consisting of a 
straightchain hydrocarbon mineral od (Shell Vrtrer) and 
carbon tetrachloride in varying proportions Other  liquids 

Dcvclopment work on .I potentidl proccss to dispose andlor 
r c c l m i  thc ni i i c r l  11s Lontiriucd A s  J r o u l t  ot i h c  dcvclop- 
nicnt s!uJics wlirch had bcen initiated liowcvcr J reconinicnd 
dllon was issued in Deccmber (it 1959 thdi J still bc con 
structcd f o r  the bcpJrJtion purilication Jnd rcuse of thc 
cJrbon tctrdcli~ortdc and thc Sticll Vitred A process design 
was lorwrrded to P l m  tngrnecring Thc process WJS set 
up in Buildinl! 77 I Bccduse ot tiiiie dnd funding problems 
surplus s t~ t i i l c~s  stccl equipment WJS used On M J V  I 5  IWI 
tcst runs on this cquipnient wcre bcgun Jnd shortly dltcrwJrc 
drums ol currcntly gcncrdtcd oil togcihcr with some trans 
lcrrcd I r o i i i  11ic ficlrl wcrc proccssed through the system 

Concurrently processes to  disposc of thc still bottoms lrom 
this operation Jnd 01 other liquids wcre bcing pursued with 
ineiner~tion rcceiving the most tavorable at tcntion In this 
systcni the w m e  hear would be utilrzcd to evapordte aaueous 
W J S ~ C S  which were ~ l s o  beginning to be J problcrn 

In Juiic of IOhO ~ o ~ r o s t ~ n  ( 1 1  tlic stainlcss cqutpriicnt 
c ~ u s c d  hv hvdrolvsic 01 ilir CCI, to HCI hCLJmC .I problcm 
~ i i d  in Fcptciiihcr thc opcrdtion W J S  discontinued hcc.tusc 
oI hcvcrc corrowr i i  

AI tcr .~ddi~i i ) r i  1 1  d c v ~ l i ~ p r ~ i c n t  work to solvc t l i ~  corrosioii 
~ t i d  ollicr prohlciii\ J rcvtscd dcstrn H A  \ubmtttcd to 

tngiiiecring in Dcccinber 1961 llic prcncss wds included iri 

thc proiect Additiondl Processinc Facilities Contract 
AT(?) 2 )  - I298 which was dn expansion of‘ the plutonium 
chemicJl opcrdtion During this pcriod development 01 a 
sludgtng process for disposing of the stlll bottoms and other 
WJSICS by miring with an aciivdtcd SIIILJ was also compictcd 
In Junc 1063 J Jccision WJS mdde to delcic thc CClo still 
Jtid othcr fcdturcs troni the expansion project bccausc 01  
tunding priibleins Bccause ot this, the desrgn capacity 0 1  
the sludging process was increased to provide for processing 
all contamiiiaicd liquids and funds for this project based on a 
niixcr cxtruder system called the ‘Jelly factory 
lnstallatloii of tlic mixer extruder svstcm was complctcd in 
January 1964 but start up work revealed major deficiencics 
whirh required extensive modification in the installation 
Thew modifications were not complctcd until late tn 1965 

wcre rcqucsted 
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AI tcr iiiorc sur1  up problcms thc Itnd pliasc of  ctiipiyiiig 
the drum field b c y n  on JJnuary 2 3  I967 Bv  tlits t i i m  thc 
iicld contained . h u t  5 240 drutns of wIiiLh .ipproxiiiidtcly 
7 570 ccmcJincd plutontuiii cont.iiiitiidtittn Tltc oldest d r u m  
m d  thosc ui i i t  iiiiing plitloiiiuiii wcrc priacssrd Iirit T ~ I  tlic 
best o f  our Lnowlcdgc tlic IJSI ol tlic phitoiiiuiii cotitJtiiiii.wd 
oil WJS rctiiiwed on JJnuJry 2 5  11J,6X Jlic IJSI  c t t  t l ic 1tr.tiiitiiii 

Loiiuniin itcd o i l  WJS traiislcrrcd to J iicw druiii o t i  M tv 2X 
106% ~ n d  diippcd to ihc dispoul plant i t i  Juiic 5 I W X  

Jul\  

J u h  

JJnuan 

Januarv 

First cvidciicc ill I irsc KJIC dctcrtordtioii 
01 druiiis rcportcd Soil coittJiiiinaiion 

reported JS incrcasinp 

Small buddrng added to fdter and 
transfer contaminated od from 
leaking drums to new drums 

Fill work wriiplctcd paviiig contrJct 
Ict 

0vcrl.iv niJtcriJl ,or1 stcrhnt Jnd 
JspIult prinic c i t ~ t  coiiiplctcd 

A ~ p l i ~ l t  LlintJintiiciit covcr coiiiplctcd 
including ttwr Qrnpling wells 

Monthly Jvcrqes o r  thc indniduai d ~ i l y  ContJiiiinJtion 
levels show a vcry clou: corrclation IO physical dctiviiv t i1 

thc drum stordgc ,ma Figure 3 1 shows a graph of thc tiionthlv 
~ v c r a p  dirborric contrrnination levels dercrnirncd at 31r 
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In 'u i ivcr i ihcr  ( 1 1  IW~ (It1 four wniplc wclls wcrc duz Jrid 
I I I C  incrcaw5 in ~ u n t a i i i i i i ~ ~ ~ o n  I c ~ c I  arc Jttributed t o  tlic 
~ctivitv in  i l i L  arcJ I I I  April 111 197 I d ncw draindge ditch 
wds comple!cd JUS[ west <)I this i red dnd again higher 
contamination vdlues were ohscrved 

At no tinic did thc v~lucs t r i m  air samplcs indicate that 
permissible lcvcls of plutonium contamination in air had 
bccn cxcecdcd However thesr ddtd do indicate the most 
probable pcriod when maximum resuspension and redts 
triburion 01 the contamindied wil i o d  placc 

8 



4 ATOMIC ENERGY COMMISSION CONTACTS 

L A S L  

Wridit LmdiJni (Health Division) discuiscd ~ v ~ i l ~ b i ~ i t v  ot 
reports <vi rluioniuiii coiitJniindtion ot soils espcciallv reports 
rcl?tcd I < )  [lie Pdoniarcs iiid Tliulc Jccidcnts LJiithani rc 
portcd ,iiJi this intoriiidticin IS not rcddilk .wJilJhlc hccausc 
i t  tidd not \ ei bcen published bv the Air Force Lmgh.uii 
rcvicwca H \SL rcpurt 135 for the AEC and s ~ i d  he was 
reasonabh iniprcssed t l i ~ t  a professiondl job had bcen donc 
Hc nicntioncd bv tcleplionc Comiiiunications Jnd ldtcr 
suggested ir writing that the Dow comiiiiticc iiiicht protir 
by a vis11 td  Los Alamcis [ ( I  talh to people IJmilidr with 
torcip ccviJiiiin.ttion imidcnts .IS wcll a5 w i t h  L 1 ) i l t d l l l i ~ J  

tioii incidcnrs at Los Alanios It WJS suggcstcd that DcJn 
Meyer J ohn Hcdv dnd WilliJiii Kcnnedv could providc 
inloriiiJ*ion Lonccrninc coiiiJniination Icv~ls  iii t l iL LASL 
arc4 

USAEC  

Plillip hrr\ (HAFLJ Jiwusscd I tASL rcport 2:q Two 
errors one on the contour iiiap ot Rochv FIJI\ .trcJ soil 
survet 3nL e m  tvpographicd error in tlic dJt i I J b k  oi i  

plutoni-r ,oncentration in wil J I  nnc siiiiplc V I L  wcrc 
Lorreci - I r  \bJs Jcrcccl t h t  ncitlici corrcctioi i  \irnitiLJnil\ 

c l i J i i c L L  1 1  

Koch\ f - 1 -  

io1.11 plutoniiiiii invcntorL in tlic JICJ siirroiindiiiL 

John S t i -  I C \  (IiASL) mcntioned t l i ~ t  hc h id pJriicipJtcd 
in J i i i ~  t - _  J I  thc A I  C Ik~h.y~artcrs  011 J u l L  0 7 1070 i i i  

drdH 11- _ _  Jclincs l o r  uniplinc Jnd Jndkliii- ,oils l o r  

plutoni-- HJrlcv J I M )  discussed tlic possihiliiy 01 HASL 
personnzl reiurning t o  Colorado tor J supplciiicntdl proprm 
to include ! 1 J more dc tdiled survcvs in the iniiricdidte 
vicinin 01 Rocky Flats dnd ( 2 )  spccific ficld studicd on rc 
suspension of plutonium contaminated soil pJrtides 

Don Kuss I Hcdth Protcction - Operationdl Sdfctv) 
discussed in credt detail the AEC guidclines prcpared 
Julv 6 and 7) for plutonium sample collcction and analvsis 
This discussion with Ross tcviewed the initial rcquest from 
A L O  (N B Johnston) for such a meeting the iiiembership 
of the committee which developed the guidelines, how the 
guidelines s e r e  arrived at, Jnd a summaw of the nine guide 
lines This document has bcen routed to Dow through ALO 

Art Whitman (NVO - Rad Op ) discussed the availabdity 
of  NVO reports I t  was suggested :hat we obtain a copy of a 

USA[(: 

Arthur J WliitniJn 
Donald W Hcndrichs 
Ross L hinnJiiim 
PJUI J MiidrJ 

USPHS SWRHL 

Vcl W CJrtci 
Jim Mullins 

Lcs Dunn 

RCECO (Tcst Sitcl 

Arden E Bichcr 
Dcrcl, Engsirom 
Leonard SI g i t o w w  
Tcrrv Rot 

OHhL 

RaJiolocic~l SJTetv Branch 
R3dio1ogic~l Satcn Branch 
Efiects tvaluaiion Oflicc 
Operations Division 

booratow Director 
Deouty C h i d  An-lvticd 

C n i  ironrncnt,il Survcv 
Division 

Cmironmental Services 
Ciiemistrt Laboratow 
Chcm 1st rv Labor3 ton 
SI12 surve\ 

I R h c c  ( S  i l ~ i v  Jrid K.iJi.tiion Ccinirol) Jrid b s Snvdcr 
flicalili l’ti\si‘s) wcrc coniJ,icd 
contmiiiric J conimiinJti(*r rclcJgr uhicti ocurrrd in 
Aii c\plitwiit i i i  J process rjnh J I I ~ I U L ~  thc rclcasc of J 

urJniiirii I)luiciniurn soluric rl Vast I t  [lie cont,tniinJiion 
WdS con1 lined wittiin a buiiding H\lwever some L o r i  

taniindtion i o  tlic environr~cnt resulted hv personnel tracking 
i t  outsidc and the escape or dirbome contamination I t  was 
esttmaicd thJt about 1 grain or plutonium was lost Some 
gravcl and top soil were removed and placed in drums for 
disposal 

D xiissions Bcrc hcld 

NEVADA 

c A Pelkticr (Environmentdl Itcdth Services Laboratow) 
stated that work was being conducted concerning the 
deposition of radiodctive material from the air to sod 
However, resuspension of plutonium from the sod and 
soil stabiluation have not been investigated 

Claude Sill discussed the Idaho method (fusion and total 
dissolution) for analysis of plutonium in the soli 
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5 REVIEW OF CURRENT ANALYTICAL 
METHOOS FOR PLUTONIUM IN SOIL 0 

e 

Various methods have been uscd for ihc Jndlysis 01 pliilo 

iiiuni in sod< Tlicy di!lcr priniarilv it1 tlic iiictlioll hv 
which thc olutonium is rclcascd from thc soil These 
methods b m  from acid leaching to Loiiiplctc dissolution 
01 the wil bv lusion 

T h c  s p c ~ i f i .  iiiethods used by vJrious SIICF l o r  plutoniuiii 
malvsis h a l e  been colleclcd Three oi Ilicse ( R o c k y  I-IJIS  
Health Pht sics Laboratory Jnd Budding 88 I Analyticdl 
Laboraton and the AEC s Health and Salctv Labordtorv) 
arc summarued below Following these suniinarics lhcrc 
is a discussion of the reproducibilities ot the v.mous 
methods cvmnients on the two Kocky Flats Laboratories 
that have t h e  capabillttcs tor analysis 01 plutonium in soils 
dnd a summarv 01 the ALC guidelines lor soil unipling 
and analysh 

Methods Summary 

T h c  SOLI umples  f log) Jrc icnited J '*Pi1 spilc fuscd to 

nic3sur: the rccoverv ol JII  thc plutonium in rhc slniplcl 

~ l r c r n . i r ~ l v  with HhO, Jnd IN I This is tollowed b\ J 

l e x h  u , t h  HF Jnd ti( 1 0 4  tlicii rcinovcd 
bv I-iltrition the aciditv ol thc solution is JdjuSted wit11 
HCI ana the Pu is scpardted by dnion exchange T h c  
plutonium concentration is then dctcrmincd by alplid 
spectrometry 

I S  JUdc, Jnd the SJrnplLS are C\JpOrJtcd f ICJchcd) 

The solids 

RFP IYV-IO 

Other methods tor deterniining plutonium in soils involve 
complete dissolution of the soil by lusion then separation 
of the plutonium trom the fused mass In the AEC complex 
Claude Sill ol the Idaho Operations Office IS a proponent 
of thts mcthod The priniary drawback of the fusion 
method is tlic extensive time required to process each 
umple arid the relatively small sample site ( I 10 5g usually) 
that can be handled conveniently Thosc tworing the 
!usion method drc convinced however that i t  is the only 
sure wdy of pcttrng all 01 the plutonium in solution m d  
dvaiiable for analysis 

I-ui11iiic J coil diiiplc * i i h  J I I  1iF liCI04 mixture IS Jnothcr 
nlelhod thdt hJs b u n  uscd !ur cornpletc soil dtssolution 
I t  too IS J lengthv process Thc use ol this method has been 
reported by M S L  (HASL 135) The currenl Rocky Flats 
method uses HF HCIO, treatment but nor to the 
point of complete dissolution of the samplc 

2 Rock)  Flats (Building 881 Analyticdl Laboratory) 
Reproducibility of Analytical Methods 

A *3sPu spike is added to IOOg of soil and the wmplc 
is leached twice with a I to 3 mixture 01 HCI and HNO, 
Plutonium IS removed from the leaching solution o n  a 
column of anion exchange resin After stripping the 
plutonium from the resin with a ddute HNO, HF 
mixture the acidity and plutonium valence are adjusted 
and the plutonium is extracted with T T A  T h e  
piutoniumcontainmg organic solution is then evaporated 
on a planchet and the plutonium determined by alpha 
spectroscopy 

There are no analytical standards for plutontum in sot1 
The only way that analytical methods can be compared 
therefore is by percent recovery of splkes the precision of 
thest splke recoveries and Interlaboratow analysis of the 
same sample Data on sptke recovery and the precision of 
this recovery are summarued below for the Rocky Flats 
and the HASL methods This is followed by a discusslo- of 
results on interlaboratory sample exchange programs ana a 
comparison of different methods on the same samples 
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Iri nird !')70 J scrics ol soil\ Iroin LKL u I ,ridly/crl 

JI Koch\ k h t s  Tlic plutoniuiii Lontcnt rJticrd irt)l i i  

0 1 to -.OO d/m/g with 5 saniplcs B I LJ/ii)/c unc sa~iiplc 
dt  10 dlmlg and one nniplc a1 500 dlnilg Tlic avcragc 
perLcnt recovery of the spikes for ~ l l  rcplicaics WJS 7b'/ 
with J standard d c v i m x ~  ol 7% 

RTP INV-IO 

Table 5 2 Complete Diswtution versus Leaching 

7 

h 

4 
1 AtC H a l t t i  and Safety LJbordiorv (HASL)  

J H Harlcv provided d a t ~  on spihe recovcrv tor their 
method On ten soil simples anal\ led the Jveragc 
recoven was 83% with a stdndJrd deviation ot hr The 
data supplied were 111 the torm ot spihe recoveries ulilv 
the ainount ot plutonium in the smiples WJS not 
reported 

Comparison of Different Analytical Methods 

HASL has .omparcd their l e d 1  nicthod J LJrboiiJte tusion 
niethod m d  3 HF HCIO, dissolution method all on RoLhL 

Flats wils Thc rcsults Jrc shown in TJblcs  5 I Jnd 5 2 Thesc 
results indicatc thJt tlic methods Jrc r e a w ~ ~ h l v  coiiipJrahlc 
(not signit ibmiIv diffcrcnt Jccording to thc IiASL rtport ) 
I t  should b L  noted howe\cr t l u t  ilicre I )  I I ~ I  i i i d i C J t i m  I I I  

the chemicJl torm ot plucciiiiiiin i n  tlic soil LIWII to o b t u i  
the results in cithcr ol thcsc t h l c s  

Tablo 5-1 Comparison of Plutonium AMI~SIS in Soil by Nitric 
Hydrochlorw Acd Leach m d  Sodium Carbonate Fusion 
Method% 

1% rren 1 

%Jll dpm/lOO~ Chemical 
Tvpe Method Yu 2 3 Y  + 240 I'u 238 Y IClJ 

I A  Leach 308 tl I 5 9  0 2  5 3  
I B  t usion 3 1 8  ' 1 2  6 6 t O J  59 

2A Leach 1629 t 8 7  3 2  $ 2  56 

28 Fusion 1607 t u  35 t 2  66 

3A Leach b o t 0 1  0 19 t O  01 58 

38  t usion 8 O t O J  0 I 3  t O O l  61 

- -  - 

This information received from J H Harley HASL September 3 
I970 

N Y i  
6/67 

Y Y C  
12/69 

N Y C  
12/69 

N Y l  
I 2 Jb9 

I.) H4SL Icarh 3 08 t 4  3 2  
H4SL fusion 3 i a t 4  

6 HASL IrrLh 1 8 7  e4 
HASL leach 16 3 2 5  

16 0 $5 HASL fusion 

4 HASL leach 0 060 L4  

H4SL fusion 0 080 14 

8 9  

28 

mean I 3  

Other Soils 

0 2 O ~ m  [PA lcrch 0 0 1 6 7  24 

[PA lrdrh 00165 t 5  0 
HASL luston 00166 t 4  

0 2 5 t m  T L W  le3Lh 0 22 t i 0  
T L W  lrarh 0 2 0  t 5  I I  
T L W  H t  dissolution 0 23 :S 
T L H  Hk dissolution 0 24 t 5  

0 5 cnl T L W  leach 0 0 9 1  2 6  

n w  I ~ J ~ I I  0096 1 5  3 3  
TLW I t 1  diswlulion 0090 26 

TLW HI dissolution 0 092 t 5  

0 0048 220 
00041 116 T L W  leach 

TLW HI dissolution 0 0035 t 4 2  

T L H  H I  Jitroluiion 0 0049 t I 1 
IIASL lucion 0 004 I 

5 2 0 ~ m  TLW leach 
1 1  

Hlack \oil lYSh Tl H IbJLh 0 0074 - 3 5  J7 

mean I ?  
)JAIL ruslorl ooosi  :J  

Comparison of Interlaboratory Results 

L R L  siipplicd Jnalvscs on thc wniples thcv scnt io RochL 

F l d t s  dnd nicntioncd dboi l  The rcsults are tabuldtcd b c l w  
Qualitdtively the agreement hctween thc two series ot 
results IS quitc good 

d l m k  
SJmpIc Number L R L  Rocky Flats(") 

5 

6 
7 

0 06 0 29 20 19 
0 67 0 82 20 22 
0 4  0 71 20 21 
02 O 4 4 t O  I5  
0 14 
091 

1 OE * I  07 

550 493 233 
13 109 2 0 8  

(a) range 
mean 2- 

2 I 
I 

I 1  
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IircpJrcd In ( IJIJJL \ i l l  ril I J J ~ o  Tfic soil Uiirplc\ H L r  

Jpparcntlv tuwd at ter prcpardtion $0 rIi..tt t t i ~  ~ ) l u t ~ ~ ~ i i u c i ~  
was present in the torn1 oi d high tired ouidc On the tirci 
two of thcsc there wds a recovery of 65 and f 0 o ' c  (the 
andytical method used includes leaching with HF wliicli 
will dissolve high tired oxides better thdn anv other trcat 
ment) This recovery was better than that obtained bv 
either HASL or Los Alamos Subsequently two other 
Sill prepared samples were analyzed The h b o r d t o n  
obtained JII 855 recovery on a sdmplc containing 23 d/iii/g 
dnd a 7 1% recovery on a u m p l c  containing 30 d/ni/g 

Currently the Rocky Flats tlcdlth Physics Ldboratory is 
involved in a *'"Pu Soil CrossCheck Prograni being adiiiin 
istered by the Southwestern Kddiological Health Labord 
tory Five samples have been received and three were 
analyzed The concentration of plutonium in these samples 
is in the range o f 5  t o  30 dlmlg Verbal information has 
been obtained on the first sample analyzed and indicdtes a 
recovery of between 95 IOWh ot the plutonium present 
(-33 d/m/g) Three aliquants were run The precision 
as measured from the three dliquant results was i 5 Q  

HASL has conducted rnterlabordtory comparison of meth 
ods They are summarized in Tdble 5 3 Fur the most 
part the results trom thc various laboratories appear to be 
within reaS0ndble dgreenicnt 

Table 5 3 Inferlaboratory Comparison Analysis of Plutonium In Soil 

Smiplc 

L O L J ~ I O I I  Ldh - 
Colorado ( I ) A 

HASL 
HASL 

Colorado ( 2 )  A 

H ASL 
HASL 

Colorado (3  A 
HASL 
HASL 

I )  A 

2 )  B 
B 
B 

HASL 

B 
HASL 

HASL 
New York 

New York 

Illinois ( I )  

MrlhiiJ  

HNO, HCI Leach 
HNO, H C I  Leach 
Na, CO, b uricin 

HNO, HCI Learh 
HNO, HCI LeaLh 
Na LO,  turion 

HNO, HCI Leach 
HNO, HCI Lerrh 
Na,CO, Fusion 

Na, CO, Fusion 

HNO, HCI Leach 
H F  Dissolution 
HF Dissolution 
Na CO, Fuuon 
HNO, HCI Leach 
Na, LO,  Fusion 

HNO, HCl Leach 

Jpin I I OOL 
I ' l l  2 \Y - 

240  I'u 238 

400  + 4  

308 I I 
J i 8 t i 2  

I660 - 3 3  
1629 * 87 
1601 82 

1 0 2 t O 2  

6 0 t 0 2  
8 0 1 0 3  

1 7 - 0 1  

I 7 t O l  

0 41 t O  01 
0 35 t 0  15 
0 4 9  t O  01 
0 4 1  t o 0 2  

0 74 t O  2 5  
O S 1  2 0 0 3  

1 2 r 0 2  
5 9 ' 0 2  
o 6 t O J  

31 8 $ 1  J 
31 E t 2 0  
3 S J t l b  

0 20 to  01 
0 20 fO 01 
0 I3 ' 0  01 

004  t O O l  
041 t o 0 2  

0 27 t O  21 
009  t O  I 8  
O 0 4 t O 0 4  
0 03 20 0 2  

- 
- 

\4lll(rl, 

Lticdtitin L J ~  UrthiiJ - 
NLW Ycirh ( 3 )  I! HNO IILI LedLh 

13 IfNO, I I C  I LeJrh 
I3 IiF Diuolucion 

H H I  Disroluiion 
HASL HNO, llCl Lrarh 

J p m I S O L  
l u  239 

240 l u  238 

4 8 2 ' 0 2 3  0 0 3 2 0 0 3  
3SJ:OJO 0 3 9 S O i O  

4 58 to  2s 0 20 t o  io 
4 4 9 2 0 2 4  O 1 4 t O 0 9  

4 1 3 t 0 1 7  O 3 2 t 0 0 2  

G e n e r a l  Comments 

ROCKY F L A T S  HEALTH PHYSICS LABOR A T 0  RY 

The laboratory personnel are currently investigating a total 
dissolution method using a Teflon lined Parr Bomb Pres 
sures as high as I200 psi can be obtained in this bomb I t  is 
hoped that with this high pressure and a mixture of  HF and 
HCI i t  will be possible to  dissolve a greater fraction of the 
samplc 

The bach lop. of samples in the Laboratory is being reduced 
The averdge elapsed time for a wmple analysis is now one 
month howcvcr the tune depends on the prioritv of the 
sdmple I t  tdkes about a week from the time analytical 
work begins on J sample until the results are availabie 

BUILDING 88 I ANALYTICAL LABORATORY 

The Buildiiir 8% I A n a h t i c ~ l  Ljbordtorv has been develop 
inp .I cdpabilitv for plutonium malvris in soils over the 
Idst six to cight months The\ currcntlv have a method 
developed (hlcthods Summar\ ( 2  ) I  and have obtaincd the 
nccesury counting equipment Analyscs 01 soil umplcs 
taken trom the Pad Jrc in the range ot 0 001 Io 7 7 ~.lg/ 
100 g soil They eslimatc their prccision on these saniplcs 
to have been 220' 

To investigate the effect of the form of plutonium on its 
recovery they spiked a large soil sample with plutonium 
and heated i t  to 400' 600" 800" and 1000°C They 
analyzed samples heated to each temperature by their 
method (which includes an HCI HNO, leach) and 
recovered IO5 I09 85, and 13% respectively o f  the p h t o  
nium This graphically demonstrates the influence that the 
form of plutonium has on its recovery This i s  aAl i m o r t a n t  
observation T h e  nature of the plutonium in the soil 
sample should dictate the dissolution technique used 
If IS is suspected that 3 "high fired" oxide is involved the 
fusion method recommended by Claude Slil (or near 
complete dissolution) might be necessary for reasonable 
quantitative results 

12 
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AEC Guidelines for Soil Sampling and Chemical 
Analyses 

During rhc course ot this comrnittccs investig~rion thc 
AEC issued a sei ot guidelines tor wil sampling and sllrnplc 

ThC ~ri:cfi3 lor wiiiplc JnJlVSiS Jrc ccnerai Jnd the methcs., 
now in use appeJr to complv with the AEC recommendation 

13 
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6 SIGNIFICANT PERTINENT INFORMATION 

FROM PREVIOUS INCIDENTS OF 
PLUTONIUM CONTAMINATION 

Tlicre Iidrc bccn scver 1 1  iiistdnces oi p l u t o n i u i i i  contJii i i i i I  

ricrn 01 thc eiivironnieiit outsidc 0 1  J povcrniiicnt ( AC( ) 

controlled Jrea Two 01 tlicsc - P h i i i m s  Spain 
Jdnuarv 1966 and Thulr Greenland January 1968 - 
involvcd major plutoniuiii cont.tnitnatioi1 ol signilicJnt 
I m d  drear nicrc wcre dtso signillcant poiiticd dnd public 
reldtion overtones I t  is instructive t~ exdiiiine these t w o  
accidents to see what c d n  he I c x n e d  about the e\iciit OI 

contamination the nietliods used to dccontaniinJtc dnd 
tlic diiiwnr ot rcsidudl aciivitv fcmdininc dttcr dcLontdriii 
tiation was complctcd The Pdlonidrcs dcctdcnt will bc 
examined first since i t  niore closelv rcsciiiblcs the Rocky 
Flats situation with Contaminated soil 

Palomares 
E X T E N T  OF CONTAMINATION 

T h e  accident at Palomares took place at 32 800 feet with 
pieces of the plane falling over a verv wide area Plutonium 
was released by the non nuclear explosions o f  two bombs 
A total ot approximately 558 acres was contaminated A 
total of 5 4 acres had an alpha contamination of more 
than 700 000 d/rn/100 cm' (See  Appendix D for srrnpli 
fied conversion to other cOrnmon units found in this reporr ) 

An area of approwmtelv 41 acres showed contamination ot 
between 700 000 and 70 000 dlmi IO0 cm' dnd the rest 
some 5 I I dcres showed contamination ot lcss than 
70 000 d / n i / 1 0 0  cni' Vorc t h d n  h d t  01  thcsc 5 I I Jcres 
werc conrjniindicd to I C ~ S  rhdn 7 000 d'ni 100 citi 

DISPOFITIO\ OF. C O h T A V I N A T F D  S O I L  

Tlic disposriiori ol ihc LlmtminJIcd soil 1 5  suniiiidri/'d J, 

lollous 

D l S T R l B U T l O U  OF PLLTONILIV O h  T H t  S L R F K t  
IN THE V I C l h l T Y  OF T l l t  PALOMARLS A C C I D E X T  

- - 
>O 32 >32 000 >lo0 000 5 4 Surface soil ( 2  3 ) 

removed and hurted 
at hvannah Ri\er 

0 32 0 0 3 2  32 000 100000 5 2 4  

3 200 10 000 I k r p  plowed 
watered and some 
vegetation removcd 

<O 0 3 2  < 3  200 <10000 s i 1  
De tecrable SS l l  I k e p  plowed ~ n c l  

watered 

aFrom one report i t  could he concluded that this soil was also 
removed to savannah River for burial but this docs not seem 
likely when we rndyze all the reports on this topic 

bRather more than half is less than 0 0032 #Ci / iOO cm' 

7 h  r L i i i o \ J  I I  ~ 1 1 1  1 r c i i i i  I I  -I d L r L \ n l i c r c  rlic d c t i t i i  

U J S  hiilic%t r~-,ulied iii I100 .uhiL \JrJ\ o i  w i l  which were 
buricd 3 1  S3%muli  River ir rhe sJiiir nianncr J S  other I O N  
IttcI rJdioJ.tirc iiiJtcridI (To hclp gdin J pcrspective the 
boil buritd .oiildinLrl Jboui 10' t o  IOJ tinies the drnount 
t ) f  plutonium iound in the remdining Jrea b Also removed 
troni thc sitc and buried at hvdnndh Rivcr werc dboiit 
400 cubic vdrds ol iegetation I f  was planned initiallv 10 

deep plou onlv 300 &res ot Idnd having low but dis 
cernible amounts ot contamination However tlie operation 
was found to be so easilv pertornied that the area was e\ 
tended to include an ddditional 558 acres Plowing was 
done to 3 depth of approximarely 10 to IS inches the 
soil was primarilv wndy alihough some places were rochi 
This process reduced the surface contamindtion in this area 
to undetectdble m o u n t s  dnd i t  was concluded essentially 
climinated sicnil icant resuspension of  plutonium into the air 

The total cost for the operation in Spain has been e s t i m  ed 
3s 50 million dollars This does not include the politic~r 
dnd public relations cost of the incident 

A comparison can be made between the quantities of 
plutonium round in the soil at Pdornares and the amount 
found in the vicinity of the barrel storage area at Rocky 
Flats This cornparison should be  considered only a n  
order-of magnitude comparison since details of soil sampling 
at Palomares are not available to us An assumption is 
made that the reported results trorn Palomares are from 
surtace sampling only At Palomares soil was actuallv 
removed (and shipped 10 the United States tor b u w i  
wlicre cOnidniInaiion levels were greater thdn 
0 32 p Ci 100 ciii (32 000 niCi/hm' 1 All soil con 
taining nusurablc  contrlmination up to thc value ot 
0 32 ~ C i t  100 cni was deco plowed Data trorn the 
HASL Report 235 indicated that the two hottest 
spots found 31 Rocky Flais were easi ot the bdrrcl 
storage are4 These spots I indicated as sites 6 and 8 in 

HASL Report 1 x contained totals ol 1000 and 
620 mCi/hm respectiveh in the 0 20 cm depth Of 
the total plutonium reported from these sampling sites 
1320 and 41 5 niCi/km- were reported as occurring in 

the 0 5 cm depth Rocky Flats Health Physics Depart 
ment sampling and analysis give results in excess of 
3 OOO mCi/Lm2 on AEC land The highest isocurie 
contour that extends on private property surrounding 
AEC land was lound to be between 400 to 1000 rnCi/km' 
The plutonium contamination levels of concern at Rocky 
Flats are substantially below those levels at Palomares 
where soil removal was deemed necessary 

CURRENT L E V E L S  OF CONTAMINATION 
Sampling ot the soil has been done on a yearly schedule 
in the Palomares region since the accident in 1966 C m  
samples are taken in areas that had varymg initial co , ,  JTI- 

nation These cores are divided into segments of 5 to 10 cm 
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2 In thc  cas where ttlcrc WJS dbcp plowine cotitamtndtion 
has bLLn toitnd to a dcpth id I3 inches GenerJlly 
Iiidcst coiitdiiiiiiation lcvcls werc found bctwccn h and 
IO tnclics down hut thcrc u a s  J vcrv iinliotiiogcncous 
distrihuticm o f  the conlJilllnaiion 

3 n C  IllJ1IIllUfll JVCrJgC VJlUC 0 1  dPhJ  J C t l V l t Y  lollfld In 

thc arcas studicd IS Jpproxlmdtclv 50 tiiiics h i g h  tlidn 
the niinitiiuni v h e  of ndtural dpha Jcttvitv lound in thc 
bJLkground soil in tlic JrcJ 

G iictworh 01 lour air sanipliiig stJiions w is sci up wiiliin 
tlic Jccidcnt JrcJ Air umplcrs wcrc ~ I J C L ~  5 5 I C C I  Jhovc 
tlic ground Tlicy opcrdtcd 24 hours J dJv tlirougllotit thc 
ycar C~llulosc tillcrswitli J porc SYC 01 1 2 iimrons wcrc 
uscd fo r  i ~ i c  u ~ ~ i p l i i ~ g  (#res\ alpha ~s we11 I\ * l9ht eoilictit 

werc dctcriiiincd on tlic filtcrs Thc rcsults OI ~licsc JII  

samplcs hcrc reported JI nicetings iii I W H  ~ i i d  I‘J70 Thcv 
Jre suniiii3riirJ JS follows 

1 A L ~ I V I ~ V  I u s  hccn lound ~t ~ l l  ampling JrcJs This 
means that some radioactive niaterial has become r e m  
pcndcd tlowcvcr rctiiovJl of tlic nlo\t contaiitinaicd 
5urticc soti and tlic dtlu~tcin 1 1 1  rllc rc t l i  tirider hv plowiiig 
I I J ~  prorcn CIICLIIVC 111 rcducinp IIIL  ilic 111 VJIUC l o r  ’ 391’~1 
in thc J l f  I O  Icvch Lons I~ I cn t~ i  hclow 1 1 1 ~  pcrniiwthlc 
i l lJ~iiilu 111 

2 T1i~ ’ ’9Pii  conccntratioii in ilic Jlr WJ\ noniiJllv ILL\ 
th in 0 1 ( 1 1  thc tiidxiiiiuiii pcrinissihlc Conwmtr.uii)n (MKI 
t o r  t t i L  gcncral public (Thc MIX uscd ~ J S  trotii the 

knergy Agcncy rcvircd cditlon I O b H  For insolublc 
compounds ol 239Pu in  air for ilic gcncrd p u b h  i t  is 
IO ‘ I  jKt /cni ’  for wluhlc coiilpounds i t  is 6 X 10‘ 
pC I/ml’ Although thc plutonium coiiipoundr arc 
known to be insolublc plutoniuni dioxldc (lie solublc 
conipound Itinit was used io provide a guarantcc of 
maxiniurn safety ) Concentrations exceeding 0 I thc 
M F T  werc recordcd on only 7 occasions two of which 
cxceeded the M P T  Both of these vdues did not cxceed 
0 I of the MPC for insoluble ’9Pu compounds however 

Radiation Protection Noritis of the kuropcan Nuclctr 

3 On days when maxirnum air samplc values werc found 
the winds in the area had speeds of between 7 and 13 
miles pcr hour 

I’Jliim~res H o c k v  I tats 

Wean annual roinCJII 7 9 inches 14 4 inches 

Mean annu 11 trmpcrdturr h4 8’k 49 O O k  

Velocity of mort frequent 
strong wnd gust\ 4 3  mpli 4 0  mph 

Mtliuugh Ru~lry Flats hJs J hichcr raintall and J lower 
temperature tlic wcdthcr conditions arc not cxtrcmelv 
dit lerent 

Thule 

The dccidcnt at Thulc WJS dlffercnt trom that 31 Pdomares 
in that the bombs ctiiic down with the plane and wcrc in 
volvcd In a ftrc wlikh was fuclcd by JPJ jet fucl Also 
tllcrc WJS no soti involved lust icc and snow 

Contdiiiinatton was sprcJd over a drop shaped area of 26 
Jcrcs with ihc distribution in t l i ~ l  JreJ ds shown iti  the 
t o ~ ~ o w i i i ~  lahu~dtion 

DISTRIBLITION OF PLUTOhlUM ON THE 
S U R F A C E  IN TI1E VICINITY OF THE THULE CRASHa 

Ifll(lJI 

Ilutonicim ( onlJminalicin Area 
uc 11100 cni m( i/nni JLrC$ I)lSpil\lf lClf l  

?TU 21776 X In ’  0 4 9  Cruci and packed 

I 4 0  t 3469 X I O ’  2 23 cnnw removed in 

9 9 1 2 X  I O ’  1 4 3  an average 
3 295 X 10’ 3 J b  depth of 
I 93 X IO’ 5 I ?  4 inches 

Cxcluding pluronium picked up on racrift debris and that  bc- 
yimd MJLkrfled ILC Jred 

Wren fucl burned, a blackened area was produced on th- 
snow Approxtmatcly 99% of the total plutonium foum 
13 I50 f 630 g) was within this blackened area 

This black crust conldincd unburned jet fuel It  was esti 
m m d  that dS much as 18% of the luel remained unburned 
Sedimentation studies showed that up to 80% of the plu 
ionium was dSSWiated with low specific gravity debris that 
remdlned suspcndcd in this jet fuel This debris included such 
things as metal glass and nylon fibers plastic rubber, and 
tlcrks of paint The plutonium itself was in the form of 
oxide particlcs with a very wide me distribution 

IS 

 



A radiologLal survcy made soon after the accident 
showed that most ol the plutonium was contined to rl 

limited 3re3 AI t e r  the debris of the crash was removed 
another s u n e v  showed t h d t  the onlv signillcant plutoniuin 
contaniirution was confined to the snow dnd ice of thc 
area where the tire had tdken place 

RFP-INV-IO 

Contamination u as removed bv removing the contaminated 
snow - Jppro\imately W O O  cubic virds - And storing in  

einptv steel fuel containers The radioactive water was re 
turned to the Lnited State, 

The amount ot plutonium found in the ice was deemed 
low enough that dilution by melting would reduce its 
concentration to sale levels This melting was hastened 
by covering the area with MZ!!R sand 

0rX-k 

16 



AgencI 3 The Rockv Flats Health 
Phvsics Department 

1 

I R FP-I NV- 1 0 

RcrnJrls 

Smpling dnd JnJlvsic spccilic~ll\ lor plu onium i n  soil bcean 

7his is r i o t  a stdie sanctioned acencv but rather a eroup 01 interested 
cititens Tlie actual worh was performed -\ E A M3rtell and S E Poet 

Agencv 1 Colorado Committee on 
Environmental Information (CCEI) 

L I ot the National Center for AtmospheriL RcKarch Copies of a report bv 
this @roup were malled on Januarv 13 19'0 to the following 

E B GiIlcr Director DMA AEC Lloyd Joshel General MJnager Dow 
Rocky Flats A R Tdmplin UCLRL Unght hngham LASL J r" 43rlev 
HASL R J Engelmann DEM AEC H P Wetzger President CCEl 

h t e r  this rcport was released to the p r e s  and copies sent to the Governor 
ol (olor~do The ~ J I J  Iroin tliJt  report dit' not inconsistc~it with other 
findings ,md were used in constructing models ' of plutonium sod 

contours constructed by Rocky Flats 

Remarks 

These soil ~ i i ~ l v s e s  dJtd werc consistent uith the findings from this study 
by RoLky FIJI$ Tlie soil analysis ~ J I J  ucrc used in constructing the 

this report is found in Appendix B The H4SL dulhors took Lonsiderable 
liberty in constructing their plutonium W'I contours and also i n  makmg 
their estimates o f  totdl plutoniuiii found ,n the soil The values for total 
plutoniuiii calculated trom the Rocky Fhts studv are somewhat lower 
t h m  tho5.c estimated by HASL 

model 01 plutonium soil Contours A siitistical analvsis o f  the data from 

a 

Agcncv 4 Ihe Colorado Department 
of Public Health 

Remarks 

Their tcchniquc of tdking J I m e  number dl umples from a large 3 r e ~  
and winbining prior to dnahsis renderel: their data inappropriate lor 
inclusion in the model constructed in this study However analysis 
shows the data they reportcd Jrc consistr'v with the findings of the 
Rochy Flats study 

The first sod samples wcre t k e n  in August of 1969 by The 
Rocky Flats Health Physics Department The wmpling 
continued through June of 1970 A total of 99 sites ex 
tending as far as 10 kdometers (about 6 mdes) from the 
plant were sampled In  August of 1969 The Colorddo 
Committee on Environmental Information under 
E A Martell took samples from about 18 sites Finally, 
in February of 1970 The Health and Safety Liboratow 
sampled and analyzed sod from 33 ales Only 18 of the 
33 HASL samples were evaluated for this study The 

other I5 samples were taLen beyond the Rocky Flats 
region and were not considered 

Tke 135 soil sample rites mere located by markers on a 
large contour map of Rociv Flats. The radial distance 
of each site from the barrel storage area was determined 
by measunng thc distance between etch marker on the map 
and the barrel storage area then using the scale division o f  
the map As a result r a d d  distances in kdometers were 
obtained to correspond to the sod sample analyses in mCi/km2 
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Resu Its 

Figure 7 1 yvcs tlie tirst estimate of the dispersion 01 plu 
toniuni in sod ovcr the Roch\ F l ~ t s  area and ovcr land 
east ot the Rockv F I J ~ S  plant T i e  isocurie contour lines 
gve chdnees in plutoniuni dctivity continudllv from the 
2000 inCi/hin2 lcvcl to tlie 13 mCi/kiii‘ lcvcl I t  cdn bc 
seen that plutonium conccntrdtions greater thdn 350 
mCi/kiii2 or 77 X dlinlg dry soil (disintegrdtions pcr niinutc 
pcr gram ot dry soil) cross thc Rochv FJJIS bounddry Into 
privdte property 

T i e  isodose contour lines Re re  constructcd in tlic following 
manner First the contour  nap of Rochv F l ~ t s  whicli con 
tans all ot the soil sample loc3tions WJS dividcd intu 
sectors Thc sod sample data lor crch sccior Hcre curve 
fitted using the niethod ol Icast squdrcs Viis rcsultcd In J 

mathematical cxpression lor cJch scctor which fivcs tlic 
activit\ ot the plutoniuni in tlic soil JS J iunciioii ot rcldwl 
distance trorn the ba rd  sforam JreJ Specific lcvcls ot 
plutoniuni 3ctivit\ such JS 3000 iiiCilhm’ (444 4 dlmlg 
dry soil) iollowcd by 10001232 2)  400(8X l)) 350 (77 8) 
100 1 2: 2 1 q0 ( I I I ) ?nd 20 mCi/hiii’ (4 4 tJ/iii/k dn 
soil) ucrc XICLIC~ Tlie r d i J 1  distance i)t cJch Jct iv i t t  

trom rhc kJrrcl sioracc J r c J  W J S  tlicn c o ~ i i p u i c d  t o r  cJcl i  

wetor 01 r h c  rnJp 411 Jrc  \\.IS struch J L r t m  ilic sector J I  

t l i ~ t  dikfai .L Jrid J ccti icr  poiril SCJS l o c ~ t c d  on rlic i r e  

centcr cc’ints wCrc ihcn connccted u i t h  J ~ i i i t ~ o i l i  hut 
rcJsonclbI\ Jccurate LUWC tor tlie lcvcl 01  activit\ dcsired 

Tlic 

Additional Data 

The most tinmediate result froni hdving constructed ilic iso 

curie contour liner was the need for additional sod samples 
to be i i l e n  e351 of thc Rocky Flats plant In December of 
1970 after an interval of fivc months Thc Rock) Flats 
Health Ph\ sics Department saniplcd and andlyrcd soil 
from 38 new sites The samples were taken on pnvatc 
property between the Rocky Flats boundary and Indiana 
Avenue and on both sides ot the access rodd leading t o  dnd 
from the plant Radial distances from the barrel storqc 
area were determined and the new analyticd datd were in 
corporated into the model for isocurie contour lmes As  a 
result the socurie ccntour lines were rccrlculated u ~ n g  173 
sod sample analyses Figure 7 2 shows the most accurate 
outline to date of plutonium in soil in and beyond Rocky 
Flats 

Troi i i  L~~tt ipclr i \ tw I r i i ~  isreuric contour lines in FiSure 7 I 
e O ~ I I L  I I I O \ I  c ~ i n t o u r \  i t i  i i i c  L J F I  ~ n d  uiitihc~\i J-PCJI  ntii 

to I i a t ~  c1iiiicct.l 1 1 1  c o i i ~ r ~ \ ~  i o  tlic ouicr Icvcl, i n L  r c p m  

u l i i L l i  Jrc dcs.rihLd h i  Icv~lr t i t  plutoiiiuiii J C I I \ I ~ \  t r t l i i i  

:OW t i  ( dhm I O  * Y O  ni( I hni’ ( t  rom 444 4 dliii :: J n  
io11 io i7 8 d iii’g dr\ soil)  h o w  J slight eJstcrl\ r n i w  
I t  is t ~ 1 1  tliclt ihc tii~~ratii)n niav hc diic to tlic pridu~l 
dissipation O I  olutonium ciintdniindtion which is near thc 
bdrrei storrce area The Jrca within the 1OOO mCi,hni* 
contour wliicli shows activi(ics greater than 2OC3 rnCilkrn’ 
did not cliance sirnificantl\ This rnav implv that the release 
ot plutonium from the barrcl storage area is now negligible 
I t  is also possible that thc gradual dissipation 01 plutonium 
lroni within the 2OOO mCiIhni’ contour mav cause con 
tinued dispersion of plutonium at rcduced activities 
particularly within the 1000 400 and 350 mCi/hrn- con 
tours 

n 

In eencral the contours were lcss extensive in everv dircction 
txcept tor two locdued regions of plutoniuni activitb 
The tirst has JlrcJdb becn dekribed (tlic 1000 400 and 350 
niCi/hm’ contours bevond the Rockv Flats boundarv) 
Thc second IS  the protruding finger of plutonium ~ c t i v i t ~  
in Sector I 4 01 Figure 7 2 Thc activity resulted lrom 3 

relatively high value reported in a soil sample taken ncJr 
Walnut Crcch just north of the plant The protruding 
contours did not change significantly from the initial studv 
but appear exaggerated because the contours in the adjacent 
sectors are less extensive 

To bctter dct inc tlie prcscnr isodosc contour lincs Jdditiond 
soil sdiiiplcs H I I I  be tden on privdtc properr\ souihedst of the 
RoA\ f h t s  houndar\ toit a d  Strndlcv LJhe Jnd the upper 
Jlld IoHcr T\r in LJLCS A h  soil umples w i l l  bL rdcn iiist 

r i o r t l i  01 the Rock\ Flats p h i  ncJr Walnut Creek which 15 

iioriliL3\t 01 Ilic pluioniuni proccss rceovcrv coninley on 
At oniic t nc r s  Commission proper t t  

Quantities of Plutonium 

The burden 01 plutonium in soil inside and outside thc 
Rockv Flats boundary was determined mathematically bb 
applying integral calculus to the equations used to project 
plutonium activitv T h e  total quantity of plutonium 239 
dispcned in soil other than that contained by the asphalt 
pad was calculated to bc 14 3 2 1 0 grams 
IS over 8 35 km’ 01 land (2063 acres) T h e  quantity 
of plutonium 239 mside the Rocky Flats boundarv is 
6 7 f 0 4 grams over 2 72 km2 of land (672 acres) The 
amount 01 plutonium 239 on public and private property 
is 7 h t I 8 grams ovcr 5 63 km’ of land ( I391 acres) The  
quantities ot plutonium were calculated by integrating the 
areas between the zoo0 mCi/km’ contour and the 13 
mCi/krn’ contour The  13 mCi/kmz contour was the 

The  dispersion 
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M J ~  scctors wcrc nude  tn i)riLinJtinc Iincs ~t tlic h irtcl 

stor3cc a r w  thcn cutendiiic tlic lincs Jcros9 tlic IJLL ot tlic 

dispcrsion 01 [lie points aiid to n i m  or Ic\s tollow I \pcctftL 
dircction c p Scctor I is the northcrii scctor I t  t l i ~  
nunibcr 01 points in J sector wcrc too nuiiicroits o r  ~ h c  JJt I 
loo poor to successfully dctcrminc a wi)rhJhk L[)UJI l i t l l  

then thc scctor was subdrvidcd t n i o  two  pJrts and J u o t i d  
attempt .I[ curvc litring the d ~ t a  was niddc TIic Iiypcrholic 
equations used to construct the isodose contour lincs 
shown in Figure 7 2 arc surnriiarved in TJhlc 7 3 

illJp nlc 01 a SCLtOr wJs tlldclc t o  ~cpeI1ll up011 t i le 

I unct tnn 

d=a+hr 

d=a+hr 

d’=a+br 

d=d+hr+cr’ 

d=a+hr 1 

d’ =a + hr  

I 

Tvpr 

linear 

Iaiurtihmic 

iitversc logdr 1 1  h m 11 

ex ponent IJI 

e i  pimenitat 

ex ponenr ial 

ex poneni la1 

expnnentwl 

r x p o n c n t u l  

ea ponent ial 

d=arb h y p n b n l i c  

d r a t  blr’ 

d=a+b/r’ 

d=d*h/?’* 

d=a+b/r‘ ’ 
d=l / (a+hr )  

d’ =a+br’ 

d=r/( W a r )  

d=r/(r+br+cr)’ 

hyperbloic 

h y perbol ic 

hyperbolic 

hyper tml ic 

hyperbol ic 

h y pcrbolic 

hyper bnl ic 
- 

*The  mort effect ive equations 

Hcsults - 
poor 

p m r  

rejected 

pcmr 

potu 

rcietted 

ptmr 

r c I& L ~ L  ~1 

pi)t)i 

pot)r 

pour 

piwr 

poor 

poor 

poor 

pow bl r 

possible 

possible 

possihlr 

usahle 

usablr 

uuhtr 

u w h l r  

ponr 

rejected 

poor 

poor 

b 
rk 

d = a + -  

IS citlicr I 2 1 o r  4 Tlic V J I I ~ L  01 I, IS dau oriented 10 

w e  tlie belt rcwIi\ For C\JIII~IL ti 4 samples ~ I i i c h  ? r L  

tJkcn ncJr the  hJrrcl storjcL jrc i show Iitch concenrr itioi13 

ol plutonium Jnd the conccntr~t ions  diminish rapidh *titi 

sod s m p l c s  t l c n  lurthcr JWJY Irom rlic h irrcl stora!c drCJ 

ilien ilie dispcrsion ot pluionium can best be evpresscd b\ 
h = 3 o r  k = 4 On t l i ~  orlicr hJnd 11 the c o n c c n r r a t t o n  

diiiiintshcs slowlv j n d  IS coiisidcrdblc. SJV ai IWO krlomeiers 
I r o n i  tlic bJrrc1 sturdpc JrcJ tticn h = I o r  I, = 2 pvc s  ttic 
hcst v h e s  of d Finallv it thc dosage IS so Insigiiilic.mr 
rhat d docs not Jppcar to tncrcase or decrease over J gncn 
radial distance r then k = 1 

Considcrablc effort was spent in determining the value ofl ,  
and hence the hyperboliL equation to use for cach sec1or 
of the mdp This IS duc to tlic tact thdt  sod sample ddta 
die ~ o m p l ~ c a t c d  and difficult 1 0  evaluate In all CdseS 
calculated valucs ut d were compared IO the actual soil 
a m p l e  results B\ assuming that high concentrations of 
plutonium arc limited to 3 localired region and that the 
dispersion of plutonium in sod diminishes with greater dis 
lances from the barrel storage area i t  was possible to select 
the value of  k based upon the nature of the data The 
activity of the barrel storage area which was estimated to be 
about 3 7 X IO5 mCi/km’ was also used as a gomt source lo 
determine k 

fable 7 3 Plutonium Activity d JS J Function of tho R d d  D l S t J W O  

r from tho 8~rr.l Storrgu Aroa por Soctor of tho Contour 
M J ~  Of Rodcv FlJtS 

No of General I h r e t t i o n  

Points of the SeLttrr - k c t o r  I ynct ion - 
I A  

i n  
1 4  

2 u  
3 A  
3 II 
J \  

J t i  
.1 

h 4  
n I1 

n 
Y 

I O  

I t  
12 

5 
7 

I?. 

’7 

17  
i s  
15 

I I  
I 3  

h 

I 1  

Y 
12 
E 
7 

I 3  



How the Effectiveness of the Curve Fitting Method 
Was Estimated 

Tlic i d d t t t ~ t ~ t l  soil sanplcs probtdcd h\ TliL K o c h \ .  f - I  t i \  

t!CJltll Phvstcs DcpJrtilicnt wcrc uscd I o  csliiiiJic I ~ I C  

cl fcctivcncss 01 thc curve fittinc tiicrhod This WJS d~)tic 
bv cotiipmng prolcLtcd valucs of dosc to tlic ~ c i u ~ l  soil 
utiiplc analvscs TJblc 7 4 yvcs the results lor  all 38 
saniplcs I t  can bc secn that sornc ofthe Ixccr doses wcrc 
undcresttrnatcd by thc model uscd prcviouslv wlitlc J I  

TIbk 7 4 

Map 
Site NIB 

a 107 
U l l S  
U-l I b  
& I  I O  

u 108 
8109 
El05 
El I 7  
U-106 
B 126 
K113 
E1 I8  
8121 
u-l I4 

u 1 2 q  

Ibl I :  
R I 2 4  

0127  
0128  
u-I l l  
8 1 2 9  
E l 3 0  
B I 3 I  
M-132 
El 33 

niw 

n 120 

8 1 3 8  
K I M  
B 136 
B 137 
BI 3 s  
a 1 2 3  
BI I 9  
B 102 
8103 
B 122 
E101 

The Comparison of Proluted Plutonium Activitv to 
Actual Soil Sample R.lults 

Dose in 
mCi/hm 

1397 2 
772 2 
564 8 
414 4 

369 4 
324 4 

262 4 
252 9 
2 1 2  0 
1994 
1 2 7  n 
I I ?  0 
I03 0 

16 0 
7 3  n 
5 6  7 
5 5  R 
54 9 
49 0 
45 0 

32 n 
26 I 
2 1  6 
I I  7 
I I  4 
I I  I 
I I  0 
IO 9 
IO 8 
i o  8 
10 8 
i o  7 
8 6  
7 b  

7 2  
S 8  
3 6  

3 2  

horected 
V d u r .  

?bV 8 

406 5 
394 9 

4 1 8  8 
769 8 
368 4 
341 9 

244 3 
428 I 

h l  2 
201 Y 
132 7 
100 5 

229 5 
1 2  2 
so 7 

I 00 4 
IYZ 0 
4 4  5 
h l  2 
bY 0 

6 4  

72 8 
27 8 
28 9 
30 2 
30 9 
46 0 

31 8 
26 3 
2 5  9 
2 6  8 
s3 2 
81 s 

5 4  
8 8  

42 4 
3 4  

C mor - 
-627 4 
-365 7 
-IC9 9 

4 4  

400 4 

44 0 
79 5 
- a  6 

216 I 
-138 2 

74 I 
220 7 

-2  5 

I S \  5 
-61 h 

h O  
4 4  h 

I37 I 
O <  
lh 2 
3h 2 

-19 7 
5 1  2 
16 I 

17 5 
19 I 
19 9 
3 s  I 
21  0 
I S  s 
I S  I 
16 I 
44 6 

73 9 

- I  8 
3 0  

0 2  
3a 0 

V~iue  Using 
the Present 
C ontouri* 

I os0 
556 
362 
3H0 
703 

338 
181 
2 2  1 
242 
< h  
9: 

30 I 
89 

514 
4 1  

6 5  

94 
R 7  
62 

SI4 

56 

21 
63 
14 

14 
I4 

I S  
38 

18 
27 
26 
27 
22 
32 

8 
9 

18 
8 

Based on model using data obtained earlier 

**This model u r n  the additional sod wmple data along w t h  that 
obtained earlier 

RFP-I\V-IO 

In evaludting all of the soil nrnple data which follow 
Tdble 7 6 an  attempt to strnuldte the ndiural conditions 
which spred  pluiontuni in soil was not made Wtnd direc 
tion and velocttv were nor considered neither were natural 
wdshes in thc loothill\ whtch ddutc or accumulate plutonium 
concentrations The sourc'c of plutonium in the sod was 
assumed strtctlv to be the barrel storage area Other sources 
such as stack etlluent world wide plutonium fallout and 
the Scpternber I I 1957 fire were not considered 

How Quantities of Plutonium were Determined 

The quantitv ot plutonium between two lcvels of plutonium 
activitv was determined bk InrcgrJting the arc3 bctween 
the two lcvcls Tlic lcvcls wcrc drawn by first sclccting a 
spe~ific activitv tor each level with one level being closcr 
to the bJrrc1 stotagc area Lhan the other Figure 7 3 shows 
the two levels tor anv sector ol the soil slrnplc map 0' 
R o A v  FlJts Thc elenieni of are3 dA between r l  J r  ., IS  

thc drca to he tntcgrJtcd Rcgarding the element of Jred 

dA JS J rectanglr' its arcJ w d l  be the product of a pair of 

Figure 7 3 The Element of Area dA rn Polar Coordinate 
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0 dA = r d r d ?  

r d r d 9  

The JrcJ A wil l  bc i i i  u n i t s  01 hiii 

To dcterniine 1hc quantity of plu ionium ovcr thc Jrc3 A 
the inteerand ol LquJtton (4 )  is modilied to coiitJin the 
Iivperbolic !unction NtiicIi p\cs dose as J tunction 01 radidl 
distance r I t  is stated JS 

f ( r ,  S)rdrdC, ( C t  

wlierc 0 = the qudntit) 01 Pii 231) in niillicurics Using 
the actual h\ pcrholic c q w i i o n  tquat ion ( 5  hecoiiiec 

1 

The integration was extended to determine the quantitv ol 
plutonium inside and outside thc boundary ol Rock\ Fhts 
These cdculdtions givc the burden ot plutonium in soil on 
public and privdtc propern 
divided b\ the boundary 

Figure 7 4  shows a sector being 

The area inside the boundarv was determined by subtracting 
the are3 ot the shaded t r i ~ n g l c  from the elcment of area 
dA The tnangle was formed bv striking an arc at the 
junction of the boundarv and one side of  the sator  - 

Progammed for Ihc di~ical computer 

I 
I A 

rda - 

(barrel storage areal 

Figure 4 The Element of Area dA Oividad by the Boundary of  
Rocky Flats 

Tlie x e d  t)t tlic shaded trianglc WJS detcrniined from the 
c d l c ~ l ~ s  ThL I h l l U l J  IS 

R" 
A, = - 2 ( 5 ,  - el) 

where A t  = t l ic  Jrca in h i '  

R = the lunction r d i u s  in kilonierers 
Y = the perpendicular distance of the R -ky 

Flats boundary in hilometers from tnc 
b m c l  storuc area 

Bv modifving Equation (7) the quantitv of plutonium in 
tlie stidded trimgle is determined by 

24 



li  

rdrl d2' 
Thc luiictiuii r d i u s  R tlic dnglcs 0 ,  ~ i i d  0 -  d i i d  tlic pcr 
pcnd icuh  JisrJncc x Jrc JJI iiicJsured tor J wcior 01 ilir 
i i i ~ p  tquatioii ( 0 )  therelorc givcs the quJiititv 01 plutoiiiiiiii 
in ilic dcscrihcd trimglc ot the scctor By considering in 
rhc sdiiic iiimncr e d i  sector t l i ~ t  IS dividcd hy tlic Roch) 
Flats bounddry pdrtial quantirics oi plutonium wcrc d~ 
tcrniincd insidc dnd oulsidc the boundarv Finally thc 
pdrttal qu~ntitics werc suniindrued The qumtitv ol plu 
roniuni 1 ~ L I  insidc thc hoiindJrb ot ihc Rochv Flats plJIi1 

t r i m  thc pluioiiiuin Jctivifv lcvcl ot 1000 ni( ilhrn' was 
CJICUIJICJ 1 0  hc 0 7 cr.tiiis The JrcJ of IJnd dlcctcd I\ 

2 72 Lni-  uhicli IS dhiiui 672 dcrc5 Bcvond the houndJrt 
on public ~ i i d  priv itc propcrtt up to the I 7 iiiCi/Lnil Icvcl 
tiicrc Jrc - (3 crJii1s OI plutoniuiii over  i (1 7 kin'  ot IJiiCl 

which IS about I W l  Jcrcs 

Tablo 5 Quantium 04 Plutonium239 Per Contour East of the 
Rocky f 1.0 Bound8ry 

A C  t IVI t Y 239 Yu 

in mCi/km' in Grams 

2000 1000 
1000-400 
4 0 0 J 5 0  

350100 
1oo-so 
5 0 2 0  

20-1 3 

0 29 
1 2 s  
0 32 

3 IO 
I 2 6  

104 
0 34 

Area 
in km' 

0 02 
0 I 3  
0 . 6  
I 06 
I 09 

I 30 

- 

I 9a 

RFP-INV- IO 

Vow Probable Error was Computed 

d = a + F  b 

From thc dctining cqudtion to r  probablc error- rhc srmddrd 
dcvidtion s, of ihc constant J IS dcicrrnincd h) 

X - a - % ) 2 ]  

J n - 2  

d a d  tlic ~ t ~ i i d ~ i d  dcvi i i i on  S,, 01 tlic LonstJii[ h is dctcriiiiiicd 

n 

X 

L J 

(111' 

Here rl and d, for I = 1 1 
in the set of data 

n data points are the data pornts 

'A L Worthing 8nd J Ceffner Treatment of txperimental k t 3  

8 t h  ed John Wiley and Sons Inc New York 1959 P 249 

- 
* Programmed for the digital computer 
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H c r c  S’ (01 IS the VJrtJncc in ilic q u m t t i v  ( i t  plutonturri 
T h c  pJrttal dcrtvJitvc tcriiis (dQ/as, ~ i i d  ( a Q / a b )  a r c  solvcd 
h v  IJhing the pJr i td  derivJiivcs ol 

whtLh IS t h c  expression lor the quantity of plutonium in s 

given s e c i o r  of  ihe sotl satiiplc map B y  the sanie tohen 
t h e  vartJncc S’ (Q,) in 0, tlic qumtity ( 1 1  plutontuiii in J 

described t r t m d c  IS givcn by 

Ftnallv the standard dcvtation S for some totrl quant i ty  of 
plutonium c g the total quantity of plutonium outside the  
RocAy F l a t s  boundary IS determined by  conibintng t h c  

- 
Rgrmnmed for the digital computer 

RFP-INV-I 0 

l 1  -L S2 (Qt )  - * * e  

flit c.ilciildltont l o r  probJhlL L r r o r  w e  thc rctult Q t 9 lor 
q u d n t t t ~ c t  ol plutoriruni This m a n s  I h t  insidc the HoJb 
Fldts b o u n d x v  tlicre j r c  6 2 0 3 grams of plutontuin 23(1 
T h e  burdcn o! plutonium ouistdc tlic Rocky  F l ~ t s  boundary 
on public and private propertv is 7 6 -+ I 8 grams The total 
to be  c x p c c t e d  IS 14 3 f 2 0 pranis ot plutotitutii 139 

T h e  m a t h e r m t i c d  methods uscd to determine probih lc  
crror arc bdsed cntirclv on thc sotl sample d a t ~  Nlo atic-3t  
HJS tiiddc t o  consolidate the svstcmatic errors to bc  ex  
pcctcd Ironi  the  rJdtochemtcd dnslvsis of thc  sod nor thc 
error tnvolvcd in  dctermtntng the general l o c s t i o r  f eJch sod 
u m p l e  f r o m  thc barrel stor3ce area For  thc  calculations 
for probJbtc crror thc  sotl wmple data werc assumed fo be 
unbiJsed Jnd to lollow a normal distribution about some 
mean 

Specific Activity, Density of Soil, and Conversion 
Factors 

T h c  ~pcctli~ JLltVltV 01 ,in\ rdtoJc i ivc  aotopc I S  dcltncd 
,IS g A wlicrc 8 15 iiic llUmDCr ot JCIIVL nuclct per untl 
wctglit 01 t h c  isotope and A IS the dccay constant Tllc  
dccab constant IS given b) 6931T wherc T IS the a particle 
half life 01 the isotope F o r  plutontuni 139 the specific 
actwity is calculated to be 

SP Acta,,  = g*X 

P [ 6 ,  02x102 3gms] 
239.052 

drs . 

.693 
2.436~10~ yrs 3 . 1 5 6 ~ 1 0 ’  sec 

= 2.270~10’ gm sec 
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380x400 85 ft” 1 A c t  sp = ~.27-c1O9d~s][  
gm sec 

L JL J 

r mCi 1 r f t 2  1 
J 

= 3.7~10” m C i / h 2  

Quantitics of plutonruni 139 in iriillicurics can bc convcrtcd 
to quantitlcs in grants by 11ic relationship I grant = 01 35 
millicuries This IS determined by 

c - 
J m C i  

3. 7x107 dis/sec 

= 61.35 m C i / g m  Pu-239 

Measured concentrations 0 1  plutonium in soil Jre given in 
units of d’m/g dry soil or disintegrations per minute pcr gram 
of dry roll To convert from d/m/g dry soil to units of 
aLtivitv per area o r  to millicuries p e r  square kilometer 
the density of the sod and the depth of the soil sample must 
be considered The relationship IS 

or 

TI) ciwcrt  tlic sc\il sampi. Jnalvsz, The R d v  FIJI, 
HcJltli Pllvsics Department uscd a density of 1 gm/ em’ 
dnd J wil saiiiplc depth oi I centmetcr The additiondl 
soil samples obtained in December of 1970 were actually 
taken to a depth ot I centimeter Prcvious sod samples 
however, were taken to depths rangng from 3 to 5 ccnti 
meters Thew samples were obtained between August Of 

I969 and June of 1970 

The Colorado Committee on Environmental Information 
used a density of I gm/crn’ and a soil sample depth of I 
centinieter Their s o i l  samples were also taken to a depth 
of I ccntimeter, but m August of 1969 

Finally The Health and Safety Lboratory USAEC used a 
density of I 2 gni/cm’ down to J depth 01 I5 centimctcrs 
dnd a dcnsity ol 2 4 gm/cm’ below 15 centimeters For 
the most part, tlie sod samples were taken to a depth of 
20 centimeters ’ Appropnate calculations were madc for 
thc c l i Jngs  in soil sample depth The soil wmplcs were 
obtaincd m February of 1970 

T h e  accuniulation o f  plutoniuni IS affected by its vertical 
distribution in soil For h e  purposc o f  converting d a h  
in this study and except ior the HASL soil samples the 
dispcraon of plutonium was  assumed to be within the first 
centimcicr of topsoil 

To deinonstrJtc thc trdce qudntitics ol plutonium that are 
associated with the lcvcls ut activin uscd in thc studv thc 
l ~ v c l s  01 activitv wcrc conbcrtcd 10 g r m s  01 plutonium 
using tlic spccilic activitv ot plutonium 239 a soil sample 
density of I gm/cm’ and a soil sample depth of I centi 
meter The results are given in Tdble 7 6 

2000 444 4 
i o 0 0  122 2 
400 88 9 
350 17 8 
IO0 22 2 

50 I t  I 
20 4 4  

3 26X I O  * 
I 6 3 X I O *  
6 S4X I O  l o  

5 72X I O  l o  

1 6 3 x 1 0  I 
8 1 6 X I O ”  
3 24X I O  

3P W k e y  and F- P Hardy Plutonium in Soil Around The Rocky 
Rats Rant  HASL 235 The Health and Sfen LabOrWJV 
U S A X  New York I Auwt I970 
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Sod Sample Data 

The R o c h i  Fhts tie,dtli Phvsics Results ol Soil SJnrplcs 
T h n  Aueu,~ I009 June 1970 on Atoniic tncrgv 
Cornrnission Propertv 

M a p  Siir 

( 1  

( #  2 
c3  
c 4  
( 8  5 
( 6  

c 7  
G 9  
<; I O  
G I I  
c 12 
G 13 
( 14 
c I S  

c I8 
C 19 

G 20 

I’u Activity 
in mC i/km 

20 7 
JJ J 

2 7  
I J  I 

I7  6 
270 Y 

9 0  

2 7  
I 8  0 

J S  
S O  

I 4  9 

373 S 
2 1 2 8  s 

5 4  
3 5  I 

I J77 0 

Pu Activily in 
J/rn/g I h y  h i 1  

4 6  

7 4  
0 6  
? Y  
J Y  

60 2 
2 0  
0 6  
4 0  
2 1  
I I  
J J  

83 0 
47) 0 

1 2  
7 R  

J06 0 

( - 2  
1 2 1  

( 2 2  

( 26 

( 8  27 

G 28 
G 29 
C JO 
L JI 
G 32 
C, J J  
C, J4 
C JS 
( 36 

( 4  31 
G JR 
H 18 

R 19 
M 20 
u 2 1  
B 2 2  
B 23 
u 24 
5 30 
B J2 
B 3 3  
1) 34 

1431 (I 

4 8  h 

JVh I)  

0 3  

’ I1 
39 6 

1 1 7 0  

a 6  

7 2  

26 I 

IO 8 
9 0  
9 0  

$ 9  
3 2  
O Y  
6 J  
6 3  

I O  4 
I 3  
6 3  
6 8  
6 8  

5 4  
5 4  

69 8 

16 7 

RFP INV-10 

118 0 

10 I 

n u  0 
I 4  

I n  
8 8  

26 0 

I 6  
1 9  
$ 8  
2 4  
2 0  
2 0  
1 3  
0 7  
0 2  
I 4  
I 4  

2 -  
0 3  
1 4  
I S  
1 s  
I 2  
1 2  

I S  5 
3 7  

The Roch\ Flits Health Phvsics Re sultn 01  Soil Smplcs 
Taken August 1969 Junc 1970 on Public dnd PrivJre 
Proper[\ uirhin J SIX Mile Radius of thc Rwhv F l ~ t s  
Plant 

l’ti . \ C I l V l t Y  

in mCt/krn’ 

I3 I 

D 2  
B J  
I34 
8 6  

0 7  
U 8  
0 9  
H IO  
B 12  
D 13 
E l 4  
B I S  
5 1 6  

B 1 7  
B 2 5  
5 2 6  
0 2 7  
B28 
5 2 9  
8 3 5  

5 3 6  

3 8  
I I  

4 5  
4 J  
2 3  
4 1  
0 5  
5 0  

1 8  
9 0  

1 8  
0 5  

11 7 
4 3  

27 9 
2 3  
9 5  

I I  3 
5 4  
s o  
2 3  

0 5  

0 8  
0 2  
I O  
O b  
o s  
0 9  
0 1  
I I  
0 4  
2 0  
0 4  

0 1  
2 6  
I O  
6 2  
o s  
2 1  
2 s  
1 2  
I 1  
o s  
0 1  

B 37 

6 38 
K39 

U41 
H 42 
H 4 J  
R 44 

H 46 

B 4 7  
8 4 8  
M 9  
B SO 
B S I  
B 52 
B 53 
B-54 
B 55 
6-56 
E 5 7  
B 58 
B 59 
B-60 
B l l  
0 6 2  
B 64 
&6 5 
5 6 6  
B 67 
8 6 8  
5 7  I 
B 79 

n 40 

t i  4s  

3 2  
J 6  
8 1  
3 6  

o s  
4 1  
9 9  

2 7  
I 2  2 
o s  
5 4  

3 6  

5 9  

J 6  
9 5  

I7 6 

6 3  
3 2  
3 6  

J7 8 
4 1  

20 7 
3 6  
5 0  
9 0  

20 7 
14 9 
s o  
5 9  
6 8  
6 3  
4 1  
0 9  

0 7  
0 8  
I 8  
0 8  
0 1  
0 9  

2 2  
O h  

’ 1  

0 1  
1: 
O X  
I 3  
o s  
2 1  
3 9  
1 4  
0 7  
0 8  
8 4  
0 9  
4 6  
0 8  
I 1  
2 0  
4 6  
3 3  
I 1  
1 3  
I S  
1 4  
0 9  

0 2  
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M J ~  Siw 

E l 0 7  
B 115 
ai 16  
B 110 
B I O 8  
B 109 

B I O S  
B 117 
&lob 
at 26 
a113 
S I  16 
B 121  

B IW 

n 1 1 4  

1 3 9 1  2 
772 2 
564 a 
414 4 

369  4 
324 4 

262 4 
252 9 
212 0 
1994  

127 8 
I 1 2  0 
IO3  0 
76 0 
73 8 

310 5 
171 h 
125 s 
92  I 
82  I 
72 I 
58 3 
56  2 
4 7  I 
44 3 
28  4 
24 9 

22 9 
I b  9 
I 6 4  

I -  

I I  I ( I  

II 11.7 

I )  I 2 4  

II 127 

H 12K 
Ii I l l  
I4 129 

H 130 
R 1J1 

u I32 
n 1 3 3  
n 1 3 8  
U I 3 4  
I3 156  
B I 3 7  
B 1J5 
B 123 
u-l  1‘) 

B 103 
B 122  
B 101 

C I  - 
- n  

( 4  t# 

J Y  0 

4 5  ( I  

) ?  8 
20 I 

21 6 
I I  7 
I I  4 

I I  I 
I I  0 
IO 9 

IO  8 
IO 8 
10 u 
I O  7 
8 6  
7 6  
7 2  
3 6  

3 2  

RFP-IUV-I 0 

I -  I ,  

I ?  J 

I ’  2 
I O  9 

I O  0 

7 3  

5 8  
4 8  
2 6  
2 s  
2 s  
2 4  
2 4  
2 4  
2 4  
2 4  
2 4  
1 9  

1 7  
1 6  
0 8  
0 7  

The C o l o r ~ d o  Committee on Environiiicntdl Inlormation 
Results of Soil Sdnrples Taken in August of 1069 on Public 
and Pnvate Property within a Seven Mllc Radius of The 
RocAv Flats Phnt 

I’u AI I I V I I Y  

in m( ilkm 

A 

I\ 
< 
I> 
i. 
I 
< 
t l  
I 
J 

h 

L 
M 
U 
V 
u 
X 
Y 

5 %  
00 u 

0 4  
0 0  

I 3  
I 3  
I 4  

0 6  

7 7  
C ?  

4 0  

o s  
1 7  
I S  
2 4  
0 2  
0 8  
1 9  

I )  

I \  
0 1  

0 1  

0 3  
0 3  

0 3  

0 1  
1 7  
1 2  
0 9  

0 1  
0 4  
O J  
0 5  

<o I 
0 2  
0 4  

The USAFC Health and Saletv Ldboratorv Results of Soli 
Samplcs Tdken in February 01 I970 on Public and Private 
Property within a Seven Mile Radius of the Rocky Flats Plant 

1% Activitv 
c(3p Sllr in mCi/km’ 

R I  
H 2 .  

H J  

H h  
H 1 ’  
H X  
H V  

H I I  
H 12 
R I3  
H 14  

n i  

n 5  

n I S  

R 17 

H 18 

H 21 
n 19 

2 4  
3 1  
4 2  

I I  n 
IS 0 

1 9 5 0 0  
4 8 0  0 
630 0 

2 6  

5 4  
47  0 

so 0 

I 7  0 

I 4  0 

i n 0  

2 0  
8 0  

2 7  

Yu Aclnitv in 
d/m/g Dry Soil 

Sampler taken on Atomic Energy Commission Property 

<o I 
<o I 
<o I 

0 1  
0 1  

I6 0 
3 2  

<o I 
<o I 

2 1  
0 6  

k 0  I 
0 1  
0 1  

- 
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' 0  

8 C U R R E N T  RADIATION LEVELS IN THE Table 8 1 Lab Analyses of Test Hole S m p l n  

OIL STORAGE AREA 

-- - A cross gdmnia survcb U J S  pertorn1Ld o I i  tlic entire surtacL 
01 the dsphdt pad Data t r O n i  this Survev were converted I. 7?$JJ 0 h .u 01 0 043 

I J  2 70305 O U  (0 01 0 O h  
troni relati\e radiation intensities into integers and trans I 4  - 4  b(lY 3 ? I  0 12 I Y 3  

posed to 3 graphic scale tor evaluation Based on the results ?'  30503 17 0 07 t i  

excavation s o i l  sampling and anJlysis ot the samples tor 14 2n 7 7 4 1  41 0 14 3 2  

I4 2b 7J34 42 0 I S  3 1  
78SO  4 3  0 15 3 u  

obtained bb the gamma survey tour areas were selected lor 
I.1 ~7 

radioactive contaminants I 4  :u n242 41 0 14 3 4  
14 30 7056 34 0 I I  2 4  
I 4  J I  7520 
I 4  32 7450  
I4 33 1162 

For t h e y  r3L mapping tour 4 inch bv 2 inch Nal(TI) de 
tcctors arranged in a hori/ont.il J rr Jy  on 18 inch centers 

~~ 

were suspended froni the rear of dn IHC Scout With 
detector laces approximately 3 inches trom the ground the 
detector outout wds monitored and recorded via a ratemeter I I 7805 

26 0 08 1 ' )  

3s 0 IS 2 b  
2 0  0 OY I 4  

-25 hg 

O N  <o 01 0 Ob 
I '  I: 7 9 7 8  18 0 07 I 4  
17 IJ 7 7 5 0  2b 0 i o  2 0  
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strip chart recorder and the vehicle traveled at a slow and 
constant speed The entire P3d was scanned in 6 toot 

increments with J 9 to I O  inch overlap o n  c.di  PJSS  17 15 7JbY b 0 0 2  0 4  

Thc: strip chart recordLr ddta were reduced bv dimhng the 
relative readings into integers troiii one to lwentv live and 
transposing these integers to J sc.ile grdpti The rchtive 
gross gamma protile thus obtdined is shown i n  Figure 8 I 
The nutnbcrs represent onib the relative gJniiiia rJy readings 
at the pad sdrtJce Each integer incretiiciii uti the tigure 
represents 3 LhJnge in counting rate 01 I io  2' 
the figure several highh l o c ~ l i ~ e d  areas (shown in redl were 
found which stlowed 7 reJdings signiticanth shove the 
gencrd backcrourid T H O  01 'Iicsc Iabclcd I7 2 I and 

25 in I-irure 8 I were llcciiiLd hot spois tha t  IS 

showed ~ ~ t i v i t v  levels > I ) ' I  above the gcnerJ1 background 
Another st-itticant Icaiurc ol t h L  prottlc is t l i t  IarCL .ireas 
oi s i n i h r  3 , t ~ \ ~ t v  Itvcl\ u r r  I I I L  Liltire pad 

As wen i n  

Additional verification ot these camnu a ~ i i v i t v  levels 
was provided bv a surveb perlormed bv I' H Dodd dnd 
R F Droullard 01 the AtC s GcophysicJl Brdnch lrom 
the Grand Junction office Utdiring gammJ rdv analy 
SIS equipment in a rnoblle IJboratory designed lor 
uranium ore evaluation and modified for soil monitoring 
this surne\ made measurements at the hot spots at other 
locations on the pad of1 the pad and north dcross the 
street The measurements indicated activity levels at the 
hot spots to be at least twice those elsewhere on the pad or 
off the pad Attempts to identttv the source ot the anoma 
lies were partly successful Ratios of two gamma ray energy 
ranges ( I  00 to 2 80 MeV and 0 600 to 1 00 MeV) were 
measured at several sites The results showed ,i ratio lower 
by 3 factor of approximately 2 at the hot spots This is  
interpreted to mean a slightly higher concentration of either 
*"Pu or ''I U is contributing a higher percentage of low 
energy gamma rays to the natural actibity levels 

17 Ib 
17 17 

I 7  111 

17 I V  

70'J7 
'677 

732 \ 
hV4'J 

5 0 01 0 3  
7 0 0 2  0 s  
J <o 01 0 2  

0 2  J <001 

-6 ky 
- 

-1057 YL 

To quJntitJttvelv evaluate the measurements taken on the 
pad similar gross gammd readings were taken 31 the pad 
and at several other site locations For these a single 
4 inch by 2 inch Nal(TI) crystal was placed on the surtace 
Jnd the counts recorded on a scaler timer unit The new 
parking lot east of I I I Building the 750 Building parking 
lot and the asphalt in front of the 881 guard post gave 
suntlar readings 01 13 000 to 16 000 counts per minute 
Furthermore the asphalt in all areas including the pad 
counted 25 to  30% higher than nearby shoulder or 
gravel areas Pad readings were in the range of I5  000 to 
16 000 counts per minute with the exception of areas near 
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and oii tlic 1wi q w t s  Tlicrrlore tlic galwild , rrc~l i lc  
~lic pail i i i d i ~ a t ~ s  a eciicr 1 1  lcvcl  0 1  J L I I L I ~ V  siiiiil i r  I O  O I I I L I  
asplialt arcJs T l i ~ i  i l ic a\plialt Jppcars to bc 2. W', 

holler than ncarbb yavcl  surtJces may be due to a 
concentrJtioii 01 natural uranium rndlur its dauphtcrs 
whiLh o c ~ u r s  during the Jsphalt productioii proccss It is 
known that the front rangc shows J high naturdl urJniuni 
content in the soil Also if is noteworthy that hifhwavs 
offsite in this area show y rdy reddings similar to those 
found on site Thus with the exception of the hot 
spots ' on the pad it appears that a sensitive measurcment 
of the aspkilt thickness may hrve been perlormed 

Following t h e y  ray mapping the two hot spots were 
7 ray pulse height analyzed in an effort to determine 
whether or not the activity detected was emanating from 
'39Pu or naiural/enriched uranium These efforts were 
unsuccessful If plutonium o r  urrnium werc spilled on the 
original ground ldvcr thc y rJv emissions would have to 
penelrate 6 inches io X inches of grrvel Jill plus 3 inches 
t o  5 inches ot asphalt to be detected Thc low energy pluto 
nium y rays are severely Jttenuated A siniple experiment 
was performed to sce if high-cncrgy gammJ rJys could be 
used to  distinguish between uranium and plutonium 
Spectra were taken using ( Nal(Tl) detectors of  natural 
uraniuni cnriched uraniuni m d  -5 year-old U R  plutoniuiii 
sources with 4 inch and 8 inch concrete sldbs interposed 
betwcen the sources dnd detector The 5 vearuld pluto 
nium sourcc was chosen to s mulate the a v e r ~ g e  age ot 
plutoniuni rcleased in thc drum storJgc Jrea There were 
no readily disiinguishabk dilfcrcnces in the spcctrJ 

I t  was then decided by the Committee to e x c ~ t a t e  four 
selected areas Areas No I4 ai d N o  I7 represcnt the two 

hot  spots labeled 17 21 m d  35 respcctivclv in 

Figure h I Hole SW a n  area thought to be a lihely spot lor 
plutonium, rnd Hole NC a possible background' area 
The areas ( 2  to 4 sq I t )  were covered with a tcnt the 
asphalt removed and holes excavated Material removed 
was placed in I gallon polyethylene bottles and sent to 
Building 88 I Analyrrcdl Laboratories for analysis Digging 
was continued untd the Nal(T1) andlor alpha monitors indi 
cated background levels The holes were retilled with new 
fill material and resedied with asphalt 

The results ot the wet chemicrl analyses are summarued in 
in Table 8 I Holes No 14 and N o  17 contained largc 

irnouiir5 or dcplcrc,! JraniL7 Rased upon thcsc pcrcentJges 
wc rcniovcd Jppro\im.itel\ 2 )  hg 01 dcplctcd uraniuin Iron1 

I4 ~ i i d  h hc t r o n i  hii I7 A saiiiplr Iron1 each hole 
WJS y rd\ scanned N i t h  J OL( Li) detector and no evidence 
lor pluroniuni was seen Holes N o  SW and No NC con 
verscly s h w e d  no uranium b u t  did show detectable amounts 
of plutonium Tlie iota1 plutonium removed from holes 
No SW and No N C  was estmated from five analyses and 
therefore should be considered as only an urc of magni 
tude number These valuesare - 10 mg tor h SW and 
-100 300 pg for No NC 

In the summary the following statements can be made 
concerning the pad survel 

d The y ray mapping indeed detected areas of activity 
above 'background ' levels Two areas of  significant 
activity were located 

b The 7 mapping further showed large general patterns 
of similar activity These patterns may indicate activity 
on the old ground layer or may merely be a measure of  
thc natural uranium content, and thus the thickness 
of the asphalt layer 

c Two of the locallzed activity areas which were excavated 
N o  I3 and No I 7  resulted from depleted uranium This 
was further evidenced bv the presence of  a very concen 
trated depleted uranium contaminated od layer at 18 in 
and 30 in depth for holes No 17 and No 14 respec 
tivelv (TJble 8 2) 

d Analysis ot the lour test holes (Table 8 I )  showed little 
or no mixing between Pu and U Thus reasonablv rigid 
scgrepdtion 0 1  barrels must have been mmtained during 
the litetinie ul the storage J ~ C J  

e In no c,ise WJS activit) round to be migrating upwards 
from the original ground level into the flll material 

f Whde activity in holes ,Lo 14 and No SW extended 
several inches into the soil (Table 8 21, In all four cases 
no activity was found more than I in into the clay 
layer Thus the clay laver which varies in depth from 
4 inches to 15 inches below the original ground level appears I 
to  serve as  a natural barrier to the further vertical migra 
tion of the radioactive material 
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Table 8 2 Summary of Results 

H I J ~  

Nu 32 

- 

sw 

No I ?  

16 000 <I6000 

3s 000 2 x 10. 

NL I6 000 20 000 

5000 

2u 000 

5000 

I u  ciripind 

ground 
h y e r  

Deprcred U orignal 
ground 

b y -  

origindl 

pound 
layer 

IO00 PU 

VerllrJI  
1 h i cknes  

of 
Acl iv i ly  
Ldyer  
(inches ) 

6 8  

4 6  

I 2  

< I  

~ 

JO 

16 

18  

26 
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a 9 SOIL STABILIZATION 

I n  ordc I 1 h ~ v e  J n  .tdditionJI tool .tvJiIahlc during an) 
tuturt. conrainination control and renioval opcrations 
and to specit icallv dsstst in niinimizing resuspension during 
the remobdl ot the sod under the asphalt pad J studv ot 
soil stabiluers in Rocky Flats soil was initiated 

Several methbds exist for stabilizing fine grained particles 
of soil or dust which are potentidl sources ot dir Jnd wdter 
pollution Soil stabilization can be accomplished by 
physical chemical and vegetative methods or by coni 
binarions h e r e o f  

Stabdlut ion by chemical and/or combined chemical and 
veperairve means can serve several usetul purposes a t  Rock)  
Flats T h e  tollowing are w m e  possible uses 

1 lmmobdlzation of  contaminated soil which might 
result t rom a spill 

2 Prevention of contaminated soil dtsoersion during 
1 

removal of the asphalt pad 

3 Enhance the establishment of permanent vegetation in 

l and around Rocky F h t s  

4 Reduce soil erosion dnd subsequent propertv damdge 
bv airborne debris during periods ot liieh vclocity 
w inils 

Evaluarior of soil stabilizers has been i n  progress for 
appro\marelv one year Prcliminarv resultsi suggested 
that J 19‘ 3 a product commercially a v d a b l e  trom 
Dowell Dn ision Dow Chemical U S A showed some 
degree of effectiveness in stabillzing the wil when applied 
at a concentration between 60 and 100 pounds per a m  
I t  was recommended that further evaluation of J 197 
should be  performed 

A survev of available 
chemicals have been evaluated by the United States 
Bureau of H ines and others In addition to J 197, two 
sod stabduing products (Coherexa and P e n e p n m a )  cited 
in the literature are being evaluated at Rocky Flats Methods 
of application have been developed and stabdrty tests have 
been underway for approximately 9 months ’ 

showed that many 

_ _  

Following preliminary evaluation of the three mil stabdi 
zing chemicals combined chemical and vegetative sod 
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L n e r a l  intorm.ttion describirg the thrce soil stabdizers 
of interest IS given in Table 9 I Evaluation uF rhese 
ChemrcJls has been conducted in test plots of  varvtng 
sizes all within thc general bibiiiity of the asphalt pad 
(903 storage area) Figures 9 I and 9 2 show the location 
ot six plots utilized ro develop application methods and to 

evaluate the stabilizing qualities ot each chemlcal These 
plots were established between Octobcr and December 19’0 

Tablr 91 Gonral  InfOnlI8tlOn On ihm Soil Stabilizing Chrmiulr 

General Description 
Product Name Hanu frc turer of Product 

LoherraB Colden Bear Division Nan volaide emulsion 
Witco Chemird C o consisting of 60% semi 

liquid natural petroleum 
products and 4m wetting 
agents 

J 191: Douell Division Poly acrviamidr a 
now c hemicai U S A plortir material rtmtlrr 

to surfdccant chemiL 11s 

rnd thickening agbnts 
contains 1‘7 5iolet dtc tnr 
marking purposes 

I Lnrprime I nipire i’eiriilcum L II Asphalt d ~ r i v ~ t i v t  0 1  

petroleum Lrude h f i i t i m s  

J I97 was applied 31 concentrations varving from 17 to 
75 pounds per acre (test plots I 2 3 and 6) A ater 
solution of Coherex was applied to test plot numoer 4 
( I  part Coherex to 4 parts water) at a concentration of 
0 5 gallons per square yard Test plot number 5 was 
stabilized with Peneprine ( 1 gallon per square vard) 

To gain more experience on the feasibility of stabdmng 
large areas of  sod with varving surface features a plot 
(number 6)  about 0 9 acre in s u e  was stabilued Surface 
features included coarse gravel fine sod, and grassy areas 
A total o f  7 500 gallons of J 197 solution was applied with 
a portable pump and fire hose The concentration of 
J 197 powder was 70 pounds per acre 
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I Plot No 1 I 

Asohalt Pad 

Code 

Wernerite Mineral Seer 
1 <0059 
2 0059 0234 
3 0234 25 
4 > 0 2 5  

- 

I 
1 mot I 

Figure 0 1  SoiCStabiiization Tnt  Plot Locations. 

Test plot number 6 surrounds J Hedlth Phvsics Jir  uniplcr 
(number S-*: 1 This air uniplcr has consistcnth indicdtecl 
relativch hichcr amounts r ) l  dirhori ic  rJdioJctivc conlJi i i i  

nmts when Lomparcd to othcr dir wmplers locdted dlunr 
the east pcrimetcr fence Therefore data from this dir  

sampler mieht be used to evaludte the clfectivcness ctl 

J 197 on this test plot 

Criteria lor evaluation of edch Lhcmical wil stabililer 
consisted 0 1  

I Ease of solution preparation and distribution 

2 Visual observation 

3 Depth of penetration 

4 Ability to prevent particle dispersion (test plots 
2 3 and 4) 

5 Effectiveness on vanous soil types (coarse grdvel 
to fine soil) 
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fCenrrar Ave I 

T I 
Figure 9 2 Soil Stabilization Test Plot Locations 

7 Ewlogibdl dnd dcstheiic considcraiions 

8 Etfect on estdblished vegetation 

9 Evdluatlon of air samplc data (test plot number 
6 only) 

Evaluation of particle dispersion prevention (criteria 
number 3 1 was conducted by using an underlay of white 
sand (test plot number 2) which could be visually observed 
Wernerite, a fluorescent mineral was used as an underlay 
on test plot numbers 3 and 4 It was also used on the 
common edges 0 1  the intcrvening control plot Four 
different particle SKCS were used Erosion of this mineral 
was followed by ObKNatiOn with the aid of ultraviolet 
llght 
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Evaluation of test plots nunibcr 3 ~ i i d  4 tndicJtcs thJl both 
J 197 and Coherex have bcen ldirly succcss~ul in retdining 
the fluorexcnt miiicral Tlic niiiicrdl on thcsc plotp WJS  

examined on MJrcli 30 1971 (ustitg u l l r d v i o l c l  1lplit) 

Altcr 4'/ months ol exposure to rhc hrdi wiiids ~ i i d  

prccipiidiwii some crosioi~ of [lie sniJllcr iniricrJ1 prt ic lcs  
from the plot stdbilucd wit11 J 197 WJS  cvidcnt hut con 
stderdble n iwe  loss occurred on thc control plot Tdblc 9 1 
compares thc iiiincral rctcntion on thcsc tno tcst plots 
and thc control plot 

TCSI ploi nuniber 5 WJS ctfcctivcly stabdiicd with 
Penepnme Howcver JS dcuribcd prcviously (scc 
Table 9 I ) this c h c m w l  is rn Jsplialt product dnd is 
undcsirable 1 roni scvcrd strndpoints It IS difficult to 
~ p p l y  detrimental to established vqetdtion Jiid lids iio 

acsthcttc appeal 

T h e  airbornc contamination data obtaincd froni thc air 
sampler located in the center of tcst plot nuinbcr 6 (S 8 
dir sanipler) did not show m y  significant change I t  
appears that the tcst plot was not large enough to have d n  

effect S-8 air samplcr d a h  trom November 12 1970  to 
the prcscnt can be reviewed in Figurc 3 I in ScLtion 3 
Visual cxdmtnation of this plot of S X air sampiing data 

E v d u i i o n  ol J 1'17 ( dicrc\ Jnd Pciicprinic .I\ clicmic.il 
stabiliiers is suniiiimcd i i i  TJMC 'J 1 B J K ~  [in t h c x  rcsults 
J 1'17 ~ i i d  Coherex wcre considcrcd lavorrblc tor further 
tcsting 

Table 9 3 Evaluation 01 Three Soil Stabilizing Chmwalr  

Ciiod on yr i v c l  

Jnd ccrp 5Ol l  

( ius1 IS 

friuhlt bemi  

annual ~ p p l i ~ a  

tion may hc 
necesrry if 
long term 

IS necded 

Excellent 

stahilitpliun 

NIB rffect 

C ~ n d  Poor 

No effect Covers veptation 
completely 

Overall Hrltni Good Good Poor 
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~ a In May 19’1 ,aiiibined LheiiiiLd m d  vegei3tive I L S I  

i plots were esiJblished in an 3re3 just east ot the asphalt 
pad The are, ,onsisted of several inches ot gravel 1111 
material To xovide a good bare lor vegetation an overla) 
of 3 inches 0 1  local top sod was added Three plots 
8100 square ieet in size were marked o f f  Each plot was 
cross fertdlred ( 3 5 0  pounds/acre) cross dragged cross 
seeded with Fairway crested wheat grass (25 pounddacre) 
and final c r o s  dragged 

I 

Chemical stabduation was performed on two of the plots 
using solutions of Coherex and J 197 The third plot was 
used as a control plot for comparative evaluation A total 
of 2,000 gallons of J 197 solution was applied The 
resulting concentration was I 10 pounds of J 197 per acre 
The Coherex solution was applied at a rate of 5 gallon 
per square yard A total of 450 gallons of solution conus 
tmg of 1 gallon ot Coherex per 4 gallons of water was used 
The control plot was treated with 2000 gallons of water 

Prclmtnary results of the test plots stabilized bv combined 
chemical and vegetative means are very encouraging The 
final preparation of the plots was completed on May 4 and 
5, 1971 (see Figure 9-8) In less than two weeks seedlings 
were observed on both of !lie stabilued plots and the con 
trol plot Smce that time the growth of vegetation has 
been excellent Figure 9-9 shows the condition of the three 
plots one month after seedmg The grass was about 3 
inches tall on each plot with fairly uniform coverage 
Neither the Coherex nor J 197 were found to be detri 
mental to t h e  establishment of vegetation If high winds 
occur little wil erosion and subsequent loss of vegetation 
is expected irom the stabillzed plots 

I 

~ 

The results ci soil stabdization research show that both 
Coherex and J 197 can be used for chemical and/or 
combined chemical and vegetative stabiluation Coherex 
appears to be more favorable for use on sand or gravel 
surfaces However, J-197 is believed to be somewhat 
better for stabduation of top sod and grassy areas Both 
chemicals can e a d y  be prepared and distributed on all 
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tvpes ul tcrrains WJier sprinkling trucks portable puinps 
m d  perhaps even ser i~ l  application methods can be 
emploved 

The cost of stabilization including matenals and labor, wdl 
vary considerably depending on the area to be treated I t  
is estimated that the two products evaluated wdl be com 
petitive in cost and wlll range from $200 to $400 per acre 
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10 POSSIBLE OPTIONS FOR OlSPOSlTlON 
OF PLUTONIUMCONTAMINATED SO1 L 

When Lonvdering the ultimate disposition 01 plutoniuiii 
contaminated soil the following aLtions were evaluated 

I Chemical recovery of plutonium from sod 

1 Chemical mining or in urn leaching 

3 Sod removal and burial at an approved site 

I Chemial recovery of plutonium from the soil would be 
an enormous t a b  Concentrated acids at room tempera 
ture h3\e been shown to remove between 49 and 72% 
in 1 hoar The tune can be reduced to less than one 
half b\ processing at the solution boding point This 
amount represents the plutonium held on the surtace 
of the wil All the plutonium can be recovered by 
comple~e decomposition of the soil in an acid solution 
consistmg of I 5  8 M HNO, dnd >O 1 A f  HF With this 
method dissolutton is completed in about one half hour 
at the solution boiling point These recoverv rates are 
based c? laboratory studies and would not be expected 
on a laqe svstem Much intermediate waste would be 
generated bv chemical removal processes This does not 
seem practical 

2 ( hcniicdl niininc Jpp- 5 1 0  hc \Lr \  d~tli~ult hCt.JusL 01 

itie thin lJrcc JrclJ ana  lit- var\inc plutonium coiiccii 
i r d t i o i i  In dddition it1 5 t ~ p c  01 proLessing is iiot e o i i  

sidered io be verv  elii, nt Solubilired plutonium 
auld  br carried into thc waterxourses and eventually 
to humans This does nat seem practical 

3 One possible burial locition for Rochv Fiats contamina 
ted soil mav be the salt mine near Lyons Kansas 
However this site will not be ready to receive contami 
nated material until at least 1975 Also the contamina 
tion level of Rocky Flats sod is so low that the soil 
may not be acceptable lor burlal 

Commitments have been made by Dow (Rocky Flats) and 
the AEC lo the Governor 01 Colorado that we would remove 
the Pad and the contaminated s o i l  it entraps This can be 
accomplished whenever an approved AEC burial site can 
receive the material The cost associated with removal IS 
estimated in the next section of this report (See Section 
I 1 ) Decision on actions on additional contaminated soil 
such as the action of plowing that was used in Spain can 
not be made without d better plutonium concentration 
depth protile The mechanism of plutonium transport in 
soil should be established before actions such as plowing 
can be considered 

Soil stabitoation studies were initlated and will be continued 
Data resulting Irom studies to this period are reported in 
Section 9 ot this report 
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11 ESTIMATE OF THE COST OF REMOVAL 
OF PLUTONIUM CONTAMINATED SOIL 

UNDER THE ASPHALT "PAD" 

1 1 I 500 Cuhic FCC 

Present informrtion does not establish the exJLt depth o r  
are3 lrom which the contaniindted soli will be removed It 
is possible to estimate unit costs 01 labor packrging 
niaterlals freight and burial or stordgc as follows 

TOTAL 3 3  I 500 Cubic Feet 

331 500 Cubic Feet 
7 4 Cubic Fcct/Drum -47 360 Drums 

-51 950 000 

- 5 o m  

4 7  360 Drums X S4 I OOlDrum 
Unit Cost per SSGallon Druni 

Equipment Fdcdities 
Labor to Fill and Load Drums 

Packalpng Materials 

Freight - Based on 600 Pounds 
Per Drum and Freight Rate of 
5 2  101100 Pounds 

Bunal of Storage B3sed on 
7 4 Cubic Feet  per Drum dnd 
Present N R T S  Charges of S I 061 
Cubic Foot for  Storage of Trans 
uranium Wastes 

T O T A L  

Sl000 

IO 50 

I2 60 

7 85 

-42.000,000 

414 000 Cubic Feet 

T O T A L  

Case I1 

Assume the removal of the 
asphalt pad as uncontaminated 
waste Remove IO inches of 
fiil dirt and 2 4  inches of con- 
taminated soil under the asphalt 
pdd as contaminated waste 

5 4 0 9 5  - 5 4 1  00 Rcmove 4 inches of fill dirt and 
8 inches of contaminated mil 
from the area east of the asphalt 
prd to the sccurity fenLC as con 
laminated waste 

223 000 Cubic Feet 

Using this information dnd the lollowing dssumptions rc 
garding 3re3 snd depth of contamimtion i t  is possible to 
LndicJte the magnitude of the operation 

6 3 7  000 Cubic Feet TOTAL 

Case I 637 000 Cubic Feet 
7 4 Cuhit. Feet/Drum -9 I ,OOO Drums 

-53 731 000 

- 50,Ooo 

I Assume the removrl of the asphalt 
pad as  uncontaminated waste 
Remove t h e  IO inches of fdl dirt 
and 8 mches of contaminated soil 
under t h e  asphalt pad as con 
taminatcd waste 

220 OOO Cubic Feet 
91 000 Drums X f4  I 00/Drurn 

Equipment and Facilities 

-53.781,OOO TOTAL 
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12 ROCKY FLATS CURRENT HEALTH 
PHYSICS ENVIRONMENTAL 

SAMPLING PLAN 

Vegetation Samples 

ON S l T t  

Vegetation samples are collected at 6 month intervals 
from 16 locations within the security fence The wniples 
are currentlvqanalyzed for total U + Pu activitv (gross 
alpha) and specifically for plutonium 

Air Samples 

ON FITL 

Twelvc on sile Loniinuous Jir wmples are collected daily 
(except weekends m d  holidws) and analyzed for total 
long lived alpha activitv A n  analysis is also performed 
for beryllium 

Five weekly 6 hour high bolume air samples taken east of 
the 903 Area are collected and analyzed for plutonium 
content 

OFF S I T E  
O F F  SITE 

Sucty seven locations with a IO-mde radius o f  the plant are 
collected at 6 month intervals All vegetation samples arc 
collected troni public right ol W J V  dnd conlined to t l i ~ t  

normallv consumed by grdring animals The samples die 
analvzed tor gross alpha and specitically for plutoniuni 

Water Samples 

ON SITE 

Water samples trom holding ponds I 5 and 9 (release 
points) are collected daily The  samples are composited 
weekly and analyzed for urJniurn plutonium and 
americium 

flonrhlv u3tcr samples from eaLh ot I4 s.implrng wells d r c  

analvzed tor uranium dnd plutonium 

O F F  SiTt 

Thirty sebcn samples from lakes and streams surrounding 
the plant are collected at 6 month iniervals The simples 
are analyzed for gross alpha content A plutonium deter 
mination is made if the sample activity exceeds 0 7 pCi/liter 
(0 7 X IO-’ pCi/ml) 

Samples from four reservoirs and nine community tapwater 
supplies are collccted bimonthly and analyzed lor to131 
uranium plus plutonium activity In addition these 
reservoir samples are analyzed specifically for plutonium 
Samples from Great Western (Broomfield water supply) and 
Standley (Westminster water supply) Reservoirs are analyzed 
spectficdly for americium 

A weekly water sample collected from Walnut Creek at 
Indiana Avenue is analyzed for total uranium plus pluto- 
nium activity and specifically for plutonium and americium 

Twelve high volume continuous air samples taken approxi 
matelv I miles from the plant boundary are collected dally 
(except weekends and holidays), composited weekly and 
analvzed specilically for plutonium content In addition 
a 6 hour high volume air sample is collected weekly at  each 
ot Wagner site (located approxunately 2 5 miles ESE of the 
plant 1 and Coal Creek CanLon These air samples are 
analyzed specificslly for plutonium content 

Biweekly air samples from nine additional locations are 
dnalyzed for total long lived alpha activity Samples from 
thew locations are also analyzed for beryllium 

Fallout (Dustfall) Samples 

ON S I T E  

Five dust tall samples Jre Lollecied bimonthly from locations 
011 site and downwind from the production buildings One 
site is downwind trom the 903 Area Fallout (dusttall) 
samples are andlvzed spe~ilically for plutonium 

OFF S I T E  

Twelve dust fall samplers ate located o f f  site atop the air 

sample stations The samples are collected bunonthly 

More remote samples are collected monthly from Berthoud 
and Castle Rock All dusttall samples are analyzed for 
plutonium content 

Soil Sampling 

The Rocky Flats Health Physics department maintams an 
extensive routine soil sampling program Sod samples are 
collected from locations both on and off the plant site 
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ON S I T E  

I 903 Area 

Fortk-eight samplesare collected at 100 150 and 
500 ft distances from the nearest edge ot the asphalt 
pad This area is presently being sampled four times 
per year I t  IS planned to  reduce this t o  twice per year 
in September 1971 

2 Other Sires Within the Security Fence 

Twenty nine localions on alterndtc grid points ot the 
500 ft Austin Company grid are sampled twice per 
ycar and andyzed specifically for plutonium 

3 Sdmples Between the Security and Cattle Fences 

Sixtv l o ~ a t i o n s  (predominantly e s t  and south of the 
plant proper but covering all areds) arc sampled 
semiannudlv 

O F F  SlTL 

Crid Sarc3ics 

Ther Jr. 10 locations on c x h  of three coIicentriL circlci 
ot I 2 snd 5 mile distanccs trom the plant ccnter 
These srlnplcs are approxirnatelv equi spaced Jnd die 
collected twice per year 

I n  order to intensify the soil sampling in areas east and 
south of the plant boundary 30 additionrl IocJtions in 

these areas are sampled along public right of way These 
winples 3rc wllectcd ~ w i c c  per ycar 

Remote Off Site Samples 

Twent\ soil samples from Arvada Westminster and 
Denver locations between Boulder and F o r t  Collins 
Coal Creek Canyon locatrons between Leyden and 
Golden and along 104th Avenue are sampled twice 
per year 

S e d i m e n t  Samples 

o\ SI7 I 

Sediment samples from each of the holding ponds are 
collected monthly for analysis ot plutonium and amen 
cium This schedule wlll continue until any problems are 
adequately defined T h e  schedule wdl then be reduced t o  
twice per year 

Sediment samples from Walnut Creek and Woman Creek 
effluent water courses are collected monthlv These 
sediment samples are analvzed tor plutonium and amen 
cium content 

OFF SITE 

Sediment samples from each of four reservoirs (Great 
Hestern Bdseline Standley and Ralston 1 are collected 
twice each year and analyzed for plutonium An analyvs 
specifically fnr americium IS performed on Great Western 
and Standley Reservoir sediment samples 

Chemical Contaminants 

ON SITE 

Wdtcr samples from holding ponds I 5 and 9 are collected 
three times per week and analyzed for pH, NO3-, 
F -  Jnd total solids A daily water sample from the holding 
pond 5 is compositLd and analyLed tor biological oxygen 
demand (BOD) These chem~cal  analyses assure that all 
water leaving the plant is in compliance with presentlv 
accepted drinhing water standards 

HJter troin the 14 sampling wells is analvzed for pH 
\03- P04-3 F- and total solids 

OFF SITE 

Because of a recurrent problem with nitrates leaching into 
Walnut Creek from the solar evaporation ponds a weekly 
water sample from Walnut Creek at Indiana Avenue is 
collected and analyzed for NO3- concentration EL- “c 
periods of peak spring runoff a dally water sample lorn 
Walnut Creek at  Indiana Avenue IS analyzed for NO< 
concentration 

Presently, environmental sample analysis for plutonium and 
americium is restricted due to the la& of adequate alpha 
pulse height analysis anstrumentation This condition will 
be relieved with the purchase of additional instrumentation 
for the performance of the analyses in Fiscal Years 1972 
and 1973 



13 CONTINUING RESEARCH SUPPORT 
AT ROCKY FLATS ON THE STUDY OF 

PLUTONIUM IN SOIL 

This studv pointed out severd areas where intormation is 
needed i f  reasonable decisions are to be made pertaining to 
problems ot plutonium in sod The following activities 
are being or  will be pursued at Rocky Flats if sufficient 
funding is avadable 

I Samplmg and analytical techniques will be  unproved 

2 Standard samples wdl be generated and stored for 
future use 

3 Sampling exchange programs with other laboratories 
will be  continued 

4 Plutonium sod depth profiles wdl be obtained 

RFP-INV- IO 

5 Thc mechanism 01 plutonium transport in sod wdl be 
st u dicd 

6 T h e  chemical t o m  of rhe plutonium in Rocky Flats 
sod should be identified 

7 The solubditv of the plutonium in Rocky Flats soli 
will be studied 

8 The particle size of the plutonium species and the sue 
of  aggregate particles of plutoluum and sod should be 
established 

9 Emergency procedures to "fi" plutonium in cod for 
easy removal in event of any future accidents. wlll be 
established 

I O  New and unproved air sampling systems wlll be devised 
and deployed that specifically measure resuspended 
plutonium particles from Rocky Flats sod 

1 I The significance o f  multiple resuspension of plutonium 
particles from Rocky Flats Sod wdl be established 
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PART ll RECOMMENDATIONS a 
1 I t  is recommended that the AEC purchase additional 

property surrounding the Rocky Flats Plant site 
5 I t  is recommended that the asphalt “Pad,” which 

is an effective sed not be disturbed untd all 
questions of a disposal site for the contaminated sod 
have been resolved 

6 It is recommended that specific responsibdrty be 
assigned for ultimate disposal of the sod under the 

2 I t  is recommended that areas in which the soil contains 
plutonium in excess of 350 mCi/km2 be fenced and 
restricted from grazing 

Pad 

3 I t  is recommended that additional s o i l  stabdization 
action be pursued on soil in and around the Rocky 
Flats plant where plutonium concentration exceeds 
350 mCi/km2 report be completed 

7 It IS recommended that the diagnostic research and 
health physics support described in Part I ( 1  3) of this 

8 It is recommended that close Inison be maintamed w t h  
other AEC and commercial agencies or Utes unng pluto 
nium so that all new plutonium environmental infor 
mation can be shared 

4 I t  is recommended that additional vegetative cover be 
considered for use UI conjunction with soil stabilizers 
in the areas east and south of the drum storage area 
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GEOLOGY OF ROCKY FLATS PLANTSITE 

C T Illsley December 1970 

Tl i\ - J I >  Plant in C o l o r d o  IS  IUCJILLI OII J gently 
I o r  o t i t w ~ s h  plain d t  the e ~ t ~ r n  cdgc 01  

[ I ,  11 11 IIL f-roni h n g e  01 thc R d , k  Mountdins 
KL - n \  Jre evtremelv scarce in  the inimediate 
v ic in  I \  i ne siie and most ot the geologic descriptions 
Jre - I L C  ,n e\trapolations lrom adjacent areas to the 
n o r i i l  ,iic , )ui t i  Some information was obtained lrom 
s u r  rr.f Jutcrops west 01 the x e d  and subsurtaLe 
corii tivr bt - rL  dbserved in the abandoned Capitol Mine 
( L O A  I i f  IS  vnly one hall nide west 0 1  the phnt  
L e o i , ~ ~ ~  - ormdiion was obtained trom the maps and 
renoris ra -.red to in the list of references 

The surtdcc soil is -omposed 01 IO to 25 feet of alluvium 
o r  gravel which .onsists mostlv 01 quartzite boulders and 
clay This surticial maternl is underlain by 700 800 feet of 
Laramie tormation according to Spencer (1961) and shown 
in Figure A I Earlier reports indicated the presence of 
25 io 30 feet 01 the Arapahoe formation but Spencer could 
not distinguish such a lithologic break in the Laramie for 
mation in this are3 

The Laramie formation is divisible into two parts The 
lower part about 100 feet thick is composed chiefly of 
sandstone and sanov shale interbedded with lesser amoLnts 

Ftgure A I Geologic Map of Rocky Flats Plantsin 
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0 1   la\ f i r i  L l ~ v  shale and ~ o a l  The upper part aboul 
h00 t o  700 leet [hid, is composed Lhielly ot ~ I a v  stialc Jnd 
sand\ s h a l ~  Jnd same lent i~ular  beds o f  sandstone and 
lignite 

T h e  Fou Hills sandstone underlies the Laramie formation 
The Fox Hills is a massive cross bedded and ripple marked 
undstone that is conformable with the underlying Pierre 
shale The lower two thirds of the F o x  Hills is a fine to 
coarse grained slightly calcareous yellow 10 greenish but f 
sandstone The upper one third of the F o x  Hills is a fine to 
medium grained light grav to light vellow mottled cross 
bedded sandstone The thickness 01 the F o x  Hills sandstone 
varies lrom 60 to 250 feet between Ralston Creek and 
Superior beneath Rock) Flats site it is probdbly about 
100 teet thick 

T h e  underh ing Pierre shale is about 8000 feet thick I t  is a 
lead grav to brown and black shale ol marine origin 
Although generally homogeneous the Pierre also contains 
some slltstone slity sandstone beds of lunestone and 
lunestone concretions 

In contrast to the steeply dipping rock strata west of  the 
planrsire the structure beneath the plantsite is almost level 
and rather un~ornplicated A cross section drawn along 
an easi W C S I  line from Indiana Avenue to Colorado High 
wav 93 and based on data (from Spencer 1961 ) of structure 
contours on the top of the F o x  Hdls sandstone shows the 
generalizcd s~ructure  (See Figure A '1) The steeply dipping 

Figurr A 2 Gmlog~c Cross Section of Rocky FIrU Plrntritr rlonq Linr AA 

(-44- east 1 F o x  Hills wndstone exposed on the surtace one 
lull  mile east ot Highwab 93 is assumed to tlatten out to 
less than 3' J t  J point close to the west g t e  of the plant 
I t  is logical to assume that the overlying contormable 
Laramie lormation also is relatively flat under the plant 
site The structure is significant from a hbdrology view 
point because steeply dipping strata would tend to restrict 
the ground water to great depths below the surface and 
extending many mlles east of Rocky Flats Since the 
layered rocks are actuallv almost level water entering the 
ground water system from the Rocky Flats area would be 
more likely to reappear at the surface o d v  a short distance 
downslope from the recharge area such as in the dramage 
patterns of Woman Creek or Walnut Creek An dlustration 
of possible ground water movement is shown in Figure A 3 
a cross section along a southwest northeast line through 
the area Evidence for such water migration is the presence 
of several intermittently flowing springs along the leading 
edge of the Rocky Flats pedunents As indicated in 
Figure A 3 surface water entering the ground in the 
vicinity of 77 1 Building will llkely emerge to the surface 
in Walnut Creek possibly in the Rocky Flats holding pond 
If the water were to percolate deeper, it should stlll 
reappear west of lndima Avenue To migrate east of 
Indiana the ground water would have to penetrate more 
than 350  feet of the Laramie formation This would be 
unllkely because of the impermeable nature of the clay 
shale strata Faulting could create passaeewavs for down 
ward flow ot ground water but no evidence o f  faultmg 
h3s been reported within the immediate area o f  Rocky 
Flats 

ZI NEST 

Pierre Shale 

Vertical ~ c r l e  5/16 1400 
Horironcrl scale 5/16 =IO00 
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ANALYSIS OF HASL DATA 
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Section 1 

LOG NORMAL ANALYSIS OF PLUTONIUM 
DATA 

D E Michels 

Log normal analvsis is a technique based on statistical 
connderations of how analytical values may vary from one 
another Data are plotted on probabllitv paper such that 
the Imearitv ot the arrav 01 plotted pomts yields statistical 
conciusions This technique applies to plutonium datJ 
and three kinds of  conclusions result ( I )  When the arrav of 
plotted points is preciselv linear the data are called 
homoeeneous That is the plutonium in a11 samples of the 
g r o w  is ovcrwhelmingly from a single source ( 2 )  The 
anah tical value associated with the 50th percentlle of the 
data IS the average value foi the group (3) The stdndxd 
devution for the group is given by the slope of the arrav of 
plotted points The conclusions described above depend 
on tinding straight line plots when the data arc plotted on 
prob3bditv paper Since rcquired straight lines are obtained 
o n h  u hen a logarithm scale IS used for the analvtical value5 
(and not when ;1 linear s c d e  1s used) the distributions are 
termtd log normal Log no-mal distrib?liions are peneralh 
obtained for a wide varietv of trace materids studied b\ 
geoL - - mists 

This ,Cshnique was applied to data reoorted b\ Health 
and S a t e n  LJboratory (HASL 235) personncl sincc thcir 
33  ss-nple sites included some sites Nhish would b e  ex  
pectcd not to include detectable amounts of plutonium 

from Rockv Flats Thus the HASL data mvolve two kinds 
of samples one kind dominated by world-wlde fallout the 
other kind dominated by Rocky f l a t s  effluent The plot 
on probabilitv paper permits a sharp distinction to  be 
made between the t n o  groups In addition an independent 
estimate is obtained tor the plutonium background in 
Denver soils that is due to  world wide fallout 

Figure B 1 shows the probabdity plot for the HASL data 
which m Table B I are ranked in order of analytical values 

The junction of the two components of the plot, at about 
3 0 mCi/km2 is the natural division between the back 
ground distribution of plutonium and the plutonium derived 
from Rocky Flats On the basrs of Figure B 1, the HASL 
data are divided into two sub groups which are replotted 
indcpendently in Figure 6-2 Each sub group gives a 
statistically satisfactory fit to  a straight lme and we therefore 
conclude that each subgroup is homogeneous 

The higher content subgroup IS clearly caused by Rocky 
Flats since the samples which comprise the subgroup were 
taken near and downwind of the plant Although it ,s 
tempting to select an 'average value for this group by 
correspondence wi*h the 50th percentlle that temptation 
should be resisted The anomaly has definite structural 
features which comolicate the meaning of average value 

However the lower-ontent subgroup if i t  trulv is back 
ground should not rave 3 complicating structure Hence 
this log normal anah ses vields an average value of 2 4 
mCi/kmz associated with the 50th percentlle and is a 
valid measure of the Denver background 

Tab40 E 1 Ordr and Pwcmtiir for Plutonium in Soil Sarnolr 

Sample 

3 3  
16 
2' 
29 
3 1  
10 
2: 
2 6  

I 
25 
28  

mCi/km' Percentile 

I 8  
2 0  
2 0  
2 0  
2 1  
2 2  
2 2  
2 3  
2 4  
2 4  
2 s  

3 0  
6 1  
9 1  

12 1 
I S  2 
18 2 
21 2 
24 2 
27  3 
30 3 
33 4 

Sample 

9 
20 
24 
21  
32  
30 
23 

2 
3 

I I  
19 

mCi/km' Percentile 

2 6  
2 6  
2 6  
2 7  
2 7  
2 8  
3 0  
3 1  
4 2  
5 4  
8 0  

36 4 
39 4 
42  S 
4s  s 
4 8  5 
s i  s 
s4 s 
S7  6 
60 6 
63 6 
66 7 

Sample - 
4 

17 
S 

14 
i s  
16 
1 2  
I 3  

7 
8 
6 

mCilkm' 

I 1  
14 
i s  
17 
18 
19 
47 
50 

480 
630 

1 9 5 0  

Percentile 

69 8 
72 8 
75 8 
78 8 
81 8 
84 9 
87 9 
91 0 
94 0 
97 0 - 

E l  



I '  I I #  I 

1 2  5 1 0  30 50 7 0  90 
Pnc.ntlle 

Figure B 1 Compound Distribution Containing Sampla Dominated 
Etthr by Background Plutonium or By tho Rockv 
F I a u  anorrulv 

~ ~~ 

Table B 2 Order and Prcentila for Subgroups 

SJmplc 

3 3  
18 
27 
29 
31 
10 
22 
26 

I 
2 5  
28 

9 

20 

24 
21 
3 2  
30 
23 

2 

Lower  c nntcni 
r n i i l k m  I'crcentile 

1 8  5 3  
2 0  I O  5 
2 0  15 8 
2 0  21 0 
2 1  1 6  3 
2 1  31 6 
2 2  36 0 
2 3  42 I 
2 4  4 7  4 

2 4  52 6 
2 5  57 8 

2 6  63 I 
1 6  68 4 
2 6  73 7 
2 7  -9  0 
2 7  84 2 
2 8  89  5 
3 0  94 8 
3 1  - 

- - 
Higher content 

SJmple rnCirhm I'ercrntile 

2 3 1  6 7  
3 4 1  I 3  3 

I t  c 4  20 0 
19 8 0  26 7 
4 I I  33  3 

I7 14 4 0  0 
5 I 5  46 1 

14 17 5 3  3 
I S  18 60  0 
16 19 66 7 
12 47 73 4 

7 4 80 86 8 

8 6 30 9 3  3 
6 950 - 

--- 

13 50 a 0  o 
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I '  I 1  1 1  

1 2  5 10 30 50 70 9 0 9 8  
Perantile 

Ftgurr B 2 Background Distribution ol Plutonium (lown plot) 
Sparated from the Rodty Flats anomaly 

The ditferenLe between the average \due of 2 4 mCi/km' 
and the classification value ot 3 0 rnCi/km' IS a joint c' I 

sequence ot both the naturd variabllitv of  fallout near 
Denvcr and the variations inherent to the sampline and 
malvtical procedures S m p l c s  indicating plutonium con 
tents of less than 3 0 mCi/km2 contain no increment ot 
plutonium lrom R o c l v  Flats I n  statistical terms the 
certaintv is 9 5 8  since the 3 0 rnCi/hm2 value corresponds 
to the 9 5 t h  percentlle of the background value (and to  
about the 8th  percentlle of the Rocky Flats anomaly as 
plot t ed 1 

Section 2 

PLUTONIUM FALLOUT IN THE DENVER AREA 
Donald E Michels 

The log normal analysis described m Appendoc B Section 1 
yielded a value for plutonium fallout m Denver Since the 

8 2  



RFP-INV-I 0 
Appendix B 

toward IOU values and ignores whatever natural variation 
inay exist in the overall background distribution 
Furtticrmorc the anrlvticd vrriances involved are not 
well documented hence the values chosen may be low 
for reasons independent of the natural variations 

Tabla 6 3 Plutonium Fallout Near Denver 

Sciurcr Method 

VichelsJ 

Krey & 
Hard+ 

CCI 1” 

- 
log normal plot of 19 HASL sampler 

sonde wrnple frnm I k r b v  

single sample from Loveland 

VJlue 

2 4 mCi/km 

I 4 rnCilkm’ 

0 I 9  mCi/km2 (d) 

’Appendix El Section I 

’Health and Safetv Laboratory reporc HASL 2 3 5  Aupust I 1970 

‘Colorado Committee for F nvironmental Informrtion report on 

* B y  conversion I dlrnlg = 4 5 rnCi/km 

Dow R o c k y  Flats tire January 13 1970 
2 

I Other workers havc tended to he conservative and havc 
chosen their bdckground v h e s  from the lowest 01 their 
analyticai values which involved samples remote from 
Rocky Flats This procedure both buses the selection 

2 The  plutonium background for the world is known 
independently from direct chemical analvus because of 
fission yield estimates maintamed by workers at 
Los Alamos Their 1969 estimate of 500,000 curies of 
plutonium is equivalent to a world wide average value of 
I 1 mCi/km’ for a uniform distnbution Variations 
from the world average values are expected because 
weather patterns and fission events are not distributed 
uniformiiy The magnitude of these world scale vanations 
are documented for fission products such as strontium 90 
which 3re more commonly analyzed for than plu 
tonium A latitudinal variation m the 90Sr fallout is 

documented which shows maxmum m both hemispheres 
near latitudes of 40.50” The northern hemisphere 
maximum for ”Sr is 2 34 times the world wide average 
value Sincc Denver latitude is 39” N we should not be 
surprised to find the plutonium failout there to be more 
than twice the world wide average, or between 2 2 and 
1 5  mCi/km2 



SOlL CONTAMINATION AND ASPHALT PAD 

Speaker Or James R Seed 

Dr Seed has a Ph D from Universitv ot Calitornia in 
Physical Chemistrv (1964) He is tdmiliar to several 
members ot the panel (H t Roser and D E PJtterson) 
with wlioni he worhed during the official investigation of 
the Mav 1 1 1969 fire at  Rocky Flats Some of his earl\ 
work while in Intelligence in the USAF involved separa 
tion and analysis ot the actinide elements (primarily 
protactinium uranium and plutonium ) lrom United 
States and other nations nuclear test shots Orher USAF 
experience involved survelllmce work on (plutonium and 
uranium) weapons at Manzano Base Albuquerque New 
Mexico His specialitv tield was radiation chemistry His 

' 0  
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experience and research at Rocky Flats has resulted in 
expertise m areas of sumelllance, product integrity c c  mion 
problems in general plutonium ignition, and the c h e r  SCY 

and physics of plutonium that relates to plutonium hanc 
ling and storage problems He was assigned by the 
Operating Board of the Rocky Flats plant as chairman of 
a special committee to investigate evaluate and recom 
mend action relative to the plutonium that accumulated 
in the soil from the outside "Barrel Storage Area 

Dr Seed IS director of Product Research and Development 
at the Rocky Flats Division 

c 1  



This sliJe t Slide 1 I was a drJwing ot the theme t l u t  had 
been adc)pi?cl bv a local high school relative to envirori 
menid ~ e a ~ l i i n g  dnd dction programs 

PRIMARY GUIDELINE MAINTAIN AN ACTUAL DOSE 
AS NEAR ZERO AS POSSIBLE 

lo Criterion I of 10 C F R  140 84 (Financial Requlrements 
and Indemnity Agreements) were also discussed This 
criterion considers surface contammation values above 
0 35 K i / m 2  (approximately 77 dpmlcm’ or 350 mCi/km’) 
over 100 m2 of propeny as the minimum level of trans 
uranic radio nuclides that would c o m p r m  a substantial 
discharge of radioactive material from its intended place 
of confinement 
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4 ~cncral  ..-rnnient was made that rnanv ot the problems 
r l u t  ~ a u i d  be discussed throughout the two day meeting 
~oulc l  in$ c environniental concerns 

SLIDE 4 

1 A PROCESS OF JUDICIOUS DECISION MAKING HAS I 1 
BEEN EMPLOYED IN THE PAST THULE ACCIDENT 
PALOMARES ACCIDENT ETC 

I t  was pointed out that our plant was approximately 
20 \ears old, working in a technical field that for all 
practical purposes was only about 25 years old Our 
learning rate was approximately equal to the rate ot the 
growth ot knowledge in this new field 

As b e  learned we obviously could look on problems 
we had taced in the past In light of current knowledge 
and clearlb drcide we could or should h n e  acted 
dit lerentlb had we known what we know now 

Problems oi plutonium Lontamination in soil were discussed 
in general 

SLIDE 2 

T r l E R E  A2E  NO STANDARDS FOR PLUTONIUM IN SOIL I 
I ! 

The various AEC sites w h c h  might face similar problems 
such as LASL Mound LRL NTS, B N W  Pacific islands 
as well as the areas where accidents had occurred, Palomares, 
Spain and Thule Greenland were alluded to 

With the growth o f  breeder reactors and fuels reprocessing 
plants the problems in this area will continue to grow 

The problems associated utth establishing plutonium sod 
standards were touched on 

I particle SIX 

2 retention 
3 critical organ 
4 resuspension 

SLIDES 5 AND 6 

The acLompanvtng table u 3s divided into two slides 
15 and h )  

Data were presented which showed some ‘standards that 
had been adopted bv other countries tor plutonium m sod 
(Some liberties were taken in convertmg units to  make 
cross reference between various papers a little easier ) 
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SLIDES 5 AND 6 

M A X I M U M  PERMISSIBLE ALPHA CONTAMINATION 

rcilm’ - 
0 1  

0 1  
I O  

0 I 1  

0 1  
1 0  

0 1  
I O  

0 1  
1 0  

0 01 

0 01s 
0 001 
0 006 

O M  
0 4  

4 0  
40 0 

Remarks 
~ ~ ~~ 

Widespread areas coniriminried mth plutonium 

United hingdorn I O 0  12 2 
IO00 221 

Inactive rrerr 
Active uerr 

Czechosiovrtn 

France 

110 14 4 Workplrcer after decontrminriion 

I O 0  
IO00 

21 2 
212 

Equipment rnd workplrca in inrcilve areis 
Equipment and workplrca in rciwe ueu 

Poland 100 22 2 
IO00 212 

U b i  restricted to uring 100 u CI or leu 
Labr permitted lo UM more than 100 u Ci 

South Africa I O 0  12 1 
1000 121 

Body, paronr l  clothlng inrctlve a m i  
Equipment and workplrcer rnside controlled uers 

Interrtrte Commerce Commmion (Dept of Tmnrportrtlon) 
pertrinr io interior of vehrler previoudy ured for trmrpor 
trtion of mrtenalr 

United Strici ICC 20 4 44 

U S S R  

United States(-) 

I 5  
I 
6 

3 33 
0 444 
1 3 3  

Work clothin8 and I U ~ B C ~  before clcming 
Hrndr end w r k  underclothlng before clerning 
Work Swfrcer after cleaning 

Urban ruburbrn recrertlon ueu 
Rurd truck fummg annual food crop# urt lng  land 
milk ahed, etc 
Rural deep root percnnuir (e 8 nut: certain fruits) 
Remote or Controlled dercn forest fenced or lmiied 
rccerr rrerr 

40 
400 

8 8  
88 

4000 881 
40000 8888 

‘ 3 ) U n i i s  JSCJ in HASL report NO 135 
(b’Unirr use.: >Y Rocky Rats  in reporting SOU rndysu (in moat ewes r specific grrniv of one (1) w u  rrrumcd for conversion of units 
f‘ JHeLorr - - - ,cd at a n  Inceriircional Svrnpow.arn on HJdlo~oelcJl ~rotecr ion 131 the Public in d Nuclear M= Disniirr (June 196‘3) 

SLIDE 8 SLIDE 7 

HISTORICAL SEQUENCE (continued) 

1966 
SMALL BUILDING ADDED TO FACILITATE TRANSFER 
OF CONTAMINATED OIL FROM LEAKING DRUMS TO 
NEW DRUMS 
JANUARY1967 
LAST DRUMS ADDED TO STORAGE AREA AND 
REMOVAL TO 774 BEGAN OLDEST DRUMS SHIPPED 
FIRST 
JUNE1968 
LAST DRUM SHIPPED TO BUILDING 774 FOR 
PROCESSING HIGH WINDS SPREAD SOME 
CONTAMINATION 

RADIATION MONITORING AND MAPPING OF AREA 
COMPLETED LEVELS OF 2 x 10’ dlmlgm TO OVER 
3 x lo’ dlmlgm REPORTED PENETRATlON OF FROM 
1 INCH TO 8 INCHES REPORTED 

JULY 1968 

t i  ISTO R ICAL S E W  ENCE 

J - L Y  ’958 
CRU’ STORAGE AREA ESTABLISHED DURING 
SLBSEOUENT YEARS DRUMS WERE CONTINUALLY 
ADDED PRIMARILY PLUTONIUM CONTAMINATED 
MACHINING OILS 

0 1959 
FIRS’ DRUM LEAKAGE DISCOVERED-RUST 
I~HHIEITOR ETHANOLAMINE WAS ADDED TO DRUMS 
PRIOP TO STORAGE TO MINIMIZE CORROSION 

0 AYL-RY 1964 
FIRS’ EVIDENCE OF LARGE SCALE DETERIORATION 
OF C 3 U M S  REPORTED SOIL CONTAMINATION 
REFCPTED AS INCREASING 
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SLIDE 9 

H ISTOP ICAL SEQCIENCE (conttnuoti 1 

SEPTEMBER 1968 
PRELIMI\dRY PROPOSAL FOR CONTAINMENT 
COVER PREPARED B Y  ROCKY FLATS FACILITIES 
ENGINEERING 

JULY 1969 
FIRSTCOAT OF FILL MATERIAL APPLIED 

AUGUST 1969 
FILL WORK COMPLETED PAVING CONTRACT LET  

SEPTEMBER 1969 
OVERLAY MATERIAL SOIL STERILANT AND ASPHALT 
PRIME COAT COMPLETED 

NOVEMBER 1969 
ASPHALT CONTAINMENT COVER COMPLETED- 
INCLUDING FOUR SAMPLING WELLS 

These three slides detailed thc significant information rela 
tive to thc dc\elopmenr of the problem and also action 
tahen up io  tne completion o! the asphalt pad 

The itenis ut- the slidts wcrc discussed pointing out that 
throuchout this entire period development work was con 
ducted oil J qrocess to treat (dispose recldini C I L  ) thc 
contaminatt2 oils An initial process WJS developed in 

Deccinber c 1959 hut  equipnicni and funding problems 
c l c l ~ \ c d  tlic "11131 tesi tins until MJ) ut 1%0 Further 
.urrusion u -quiprnert prublcms (hbdrolvsis m d  radiolvsis 
0 1  t l i ~  CCI, HCI I dclJ\ed the proccss u n t i l  Dccembcr 
I96 1 
n d c d  oils u A included in the project Additional Processing 
F J C I ~ ~ I ~ C S  Cantract AT(29 2 )  1298 which was an expansion 
ol the pluiorlium chemical operations Later tunding 
difficulties resulted In deletion of this porrion of  the project 
Actual processing of the oil commenced i n  January of 
1967 At this time the field contained about 5 240 drums 

This zrocess and project 0 1  treating the cuntanii 

In the discussion with the AEC participants of the meeting 
the action taken to minimize drum corrosion was covered 
and the effort made to transfer oil from the older to newer 
drums was also discussed 

SLIDE 10 

A drawing of the actual area of the pad and additional base 
fill was presented and discussed (Slide 10) 

RFP-INV-I 0 
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SLIDE 10 

ORIGINAL FENCED 
STORAGE AREA 
ASPHALT COVER AREA AN 

SLIDE 11 

A photograph of the pad area was presented /Not 
included in text ) 

SLIDE 12 

A slide u hich consisted of colored contours depicting 
plutonium in the surtace soil around Rocky Fldts was 
presented These data were generated bv using sod 
dnalysis from 

1 Rocky Flats Health Physics Department 

2 T h e  Health and Safety Laboratories (HASL) 

3 T h e  Colorado Committee on Environmental 
Information (CCEI-MarteU) 

This work had been completed November 16 1970 

The model for the "contours ' had been constructed from 
135 sod sample analyses 

I Ninety nine samples taken on AEC property 
and o n  public and pnvate property by the 
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2 tirhiccn urnplcs tdhcii hy 11A5L 111 

I cbnran oJ 1970 

3 Eighteen samples taken by CCtl  in 
A iIms~ I YO Y 

SLIDE 13 

This slide consistcd of another set ol ‘contours lor 
plutonium and incorpordtcd into the model Thirty-cight 
addition31 soil wmplcs tdkcn during DcLciiibcr I070 
(approximately 4 to 6 months alter the initial Rckky Flats 
plutonium soil analysis) This ncw set ol contours which 
was based on a total ol I73 wil analyses showcd vcrv little 
change from the previous slidc 

Additional wil wmple analyscs showcd thJt t hc lcvcl 0 1  
plutonium ci)n tdniinat ion IS  m i  incrcdsiiig 

The totd integrated quantity of plutoiiiuiii (using siiiiplc 

integral cal~ulus on the equdtions ol the nidcl)  WJS 

cstiniated to be 14 1 graiiis uvcr the 8 35 hili (1 06; Jcres) 
covered by [he orange ( 1000 - 2000 niCi/hiii’ ) ycllow 
green bluc purple brown a i d  gray ( I 1 - 20 niCi/hm- ) 
contour lines (Slide I T  I f  

Therc arc. Jpproxundtclv 0 7 granis ovcr 1 72 hni 
(671 acres) of land inside the boundary below the 
1OOO rnCi Lni* contour 

Therc arc - h grdins ovcr 5 63 km’ ( I 303 JCrcsl ~ ~ u t s i d c  
the boundarb down to the 13 mCi/krnz contour 

The dctails 3nd the dssurnptions that wcrc made in con 
structing these models caii be seen in intcrndl Rockv Flats 
Reports (Official Ur Only) 

*In this reprirl Side  I3 IS reproduced 111 hhck m d  while lnnes 

only 

I Scrvicc Kcpori 4x2 ‘0 2 Novcnihcr Ih 1970 

Copies ol the l~tcst report hate been trdnsrnittcd bv the 
Rocky Flats Plant Manager through the local AEC arca 
office to H E Roser Assistint Dircctor Division of 
Military Application dnd J F Burkc Assistant Manager 
lor Opentioiis Albuquerque 

SLIDE 14 

This slide consisted of a table which p v e  the integrated 
quantities and land area included in each contour 

AVERAGE 
ACTIVITY Pu 239 dlmlq AREA 

CONTOUR IN mCilkm’ IN GRAMS DRY SOIL IN km’ 
~- ~ 

ORANGE 2000 lo00 0295002 
YELLOW lo00 400 125f009 
GREEN 400 350 032f003 
BLUE 350 100 3 1 0 t 0 5 4  
PURPLE 100 50 1 2 6 6 4 6  
BROWN 50 20 104fO59 
GREY 20 13 034*022 
BEYONDGREY 13 1 - 

TOTAL 76220 
ASSUMING A DENSITY OF DRY SOIL Of  1 
A SOIL SAMPLE DEPTH OF 1 CM 

* *  BACKGROUND PLUTONIUM ACTIVITY 

198 002 
131 013 
87 005 
40 106 
16 109 
7 198 
4 1 3 0  
2” m 

GMICM’ AND 

SLIDE 15 

This WdS a photograph ol the arca of  the plant site involved 
in this drswssion and introduced the participants of the 
meeting to the area they would physically tour later tn 
the morning (Not included in text ) 

C 6  
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SIMPLIFIED CONVERSION SCALE AND TABLE FOR THE VARIOUS UNITS USED IN THE 
LITERATURE TO EXPRESS THE LEVELS OF PLUTONIUM 

CONTAMINATION IN SOIL 

I 

- I  
1 - 

- 4  

0 
n 
h 

l 1 1 1 1  
n 

E 

E 
0 

a 
0' 

0 u 

I* 
t 
3 
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Tablo 0 1 Simpllfid Convonion Tablo for tho Various U n m  
Urd  in tito Litorrtun to Expon tho Lm(s  of Plu 
tonwm Contaminorion in Soil 

dlmlc Pu Activity* 

in mCi/km' rCilm' d/m/lOO cm' ** Dry Soil*** pCi/ct - 
2000 2 0  4 4 X  10' 

4 0 0  4 O X l O '  89x10'  
IO00 10 2 2x10' 

350 3 5x 10 7 8 X  10' 
too I o x  I O  2 2 x  10' 

SO S O X I O '  I I X I O '  

13 I JX I O  ' 2 9 x  IO' 
2 0  2 OX 10 ' 4 4 X  10' 

I 1 ox 10 ' 2 2 2 x  10' 

4 4 x  IO' 

2 2 x  IO' 
2 ox 10' 
I ox IO' 

8 9 X  10' 4 OX IO'  
78x10'  35x10' 
2 2 x  IO' 
I 1x10' 5 0 
4 4  2 0  
2 9  1 3  
0 222 I O X I O '  

1 ox IO'  

*The values are baaed upon a soll density Of I g/cm' at a depth 
of 1 centimeter 

dlmlcm' assuming a soil density of I g/cm' at a depth of I 
centimeter 

**me values are based on the relriion 1 d/m/g dry soil = 

***The units in which the results of soil sample analyses are reported 

*The values are based on the relation I pcilg 1 2 2 d/m/c dry soil 

Note The activit) in mCi/km' wll simply be increased by a factor 
equal to the depth of the sample e g 4 centimeters deep 
mll stve 4 limes the acttvtty rrrumln~ 8 uniform dtstnbution 
of acttvtty u a function of depth 
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Appendix D 

D 2  



RFP-INV-I 0 
Appendix E 

TRIP REPORT 

J R Seed e T H E  DOW C H E M I C A L  C O M P A N Y  

ROCKY R A T S  DIVISION 
P 0 aox a a a  

COLDLN COLORADO @040I  

November 9 1970 D Soil Stabdization Activities 
(REECO) 

E The Formation of 3 Nevada Applied Ecology 
Group - Subcommittee on Plutonium L M Joshel 

TRIP REPORT NEVADA OPERATIONS OFFICE 
(PLUTONIUbl IN SOIL P R O B L E M )  
NOVEMBER 2 AND 3 1 W O  

Chairman Wright Langham (LASL) 

Members Chet Richmond (LASL) 
W J Bair (BNWL) 
J L Olson(LRL) 
Evan M Romney (UCLA) 
J 'A Healy(LASL) 
Otto G Raabe (Lovelace) 

I 

USAEC 

Arthur J Whitnian 
Donald W HendriAs 
Ross L lrinnanian 
Paul J hludrd 

Radiologicrl Srtety Brrnch 
Rrdiological Safety BranLh 
Elfects Evaluation Office 
Operriions Division I l l  REECO Discussions 

A Plutonium in soils inalysis is being done by normal 
radiochemical procedures (2 per day at 565 each) 
and rapid liquid siintdlation method (50 per day 
at  5 IO each 1 M r  Svgitowicz wlll send us a copy 
01 the procedures used for the latter 

USPHS - SWRHL 

Me1 W Carter 
Jim Mullins 

Ldborrton Dircctor 
Deput\ Chiel AiialviicJl 

t n b  irunmcnrd 5iirvLL 
Division 

Lcs Dunn 
B REECO at MercuVL has a verv modern well equipped 

and adequately star led radiochemistry laboratorv 

C REECO uses unique electrodeposition cells in 

expensive and disposable 

D REECO is evaluating chemical sod stabilizers as 
follows 

REECO ( T c ~ t  Site I 

Arden E Bicker 
Derek Engstrom 
Leonard Sygitowicz 
Terry Rov 

En\ ironnient31 Services 
Chemistry Laborrtory 
Chemistry Laboratory 
Site Survev 

I I  Topics Covered 
( I  ) PETROSET (Phdlips 66) applied in I 5 and 

1 10 ddutions Their contact at Phdlips IS 

Richard Bennett in Bartlewdle 
A Extent of Test Site Plutoniuni in Soil Problems 

On Site (REECO + NVO) 

B Extent of Plutonium in Soil Problem Off Site 
(NVO + USPHS - SWRHL) 

(2) DCA 70 (Unlon Carbide - f 1 75/gdon) 
Applied in 1 40 water ddution Source IS 

Tarrytown Technical Center, Saw M a  River 
Road at Route lOOC, Tarrytown, New York 
10591 

C Soil Analysis and Sampling Problems 
(REECO + USPHS - SWRHL) 

C N C I G I  C O M M I S S I O N  C O Y T I A C T  A T 1  8. - I  ) - 1 1 0 *  A C R l M C  C O N T I A C T O I  F 0 I  T M C  U S  A T O M I C  

El 
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( :) VORLIG A 1 1 ( Aiiicric~n JII ConipJnvl 4 crnis one micron in diameter (Actuallv for et fectivc 
pcr pound r powdcr ~ n d  2 5  cciiis pcr piton 
l o r  5or‘ liquid Contact is in Lrcciiwicli 
Connecticut ~ n d  mdterid is shipped trom 
Green BJV kicconsin 

(4 )  They have decided to cva lu~te  the Dowcll 
products we dre also considering 

E REECO expressed intercst in an inlormarion ex 
change meeting and soil sarnplc euhangc  programs 

IV PHS SWRHL Diuussions 

A Plutonium in sot1 analysis by standard radio- 
chemical procedures at rate of 2 per day from I gram 
uniples for S50 575 per sample 

B SU RHL has modern well equipped (AEC supplied) 
and adequately stat red laboratory 

C SU’RHL plans to  collaborate with Claude Sdl at 
NRTS (IDO) in preparation and distribution of 
‘ standard plutonium in sod sample exchange 
Thev hope Rocky Flats will be involved 

D SURHL would like to send Rocky Flats cuts from 
soil samples collected dt  o f f  site locations around 
hTS They also expressed interest in an information 
exchange meeting on these problems 

V W O  Discussions 

The people froin the are4 ollice wcrc vcrv helplul 
The\ supplied us w,ih large quantities ol rcadine 
mate-id on the topic much of which is not generalh 
 avail^ ble Some more detailed reporrs on Roller 
Coaster and some unpublished lollow up work was 
verv valuable Staf f  reports on Bikini Atoll relating 
IO rehabitation and plutonium levels in soil were 
useful One island which will not be rehabitated 
because of plutonium in soil (83+ 4 IO pCi/gm) is 
Eneman Island Land that is contaminated with 
levels similar to that found around Rockv Fhts I S  

considered safe for rehabitation The deepest pene 
tration of plutonium in sod in the Blkini Islands 
(where the humidity is very high) was found to be 
9 inches 

A senes of assumptions w t h  regard to  plutonium in 
soli on the Islands can be related to Rocky Flats 

Assume an activity of 1 pCi/gm Assume all 
activity is on the surface Assume all particles 

inlialation particles should be I to 10 microns - 
proiecr Roller Coaster showed 85% of particles 
to be g r e m r  than 10 microns ) 

Assunic all particles are avahble for resuspension 
mitlalli Assume 10 for resuspension factor 

Conclusion Conservatively total lifetime dose due 
to this plutonium m soil wlll be less than 70 
millirads d safe level 

Project 57 in Nevada showed that the effective half life 
o f  high levels of plutonium m soil (based on resus 
pension data) was as short as 35 days Later studies 
on lower levels grve much longer (unavdable) half 
lives 

Some significant notes taken from the report bv the 
Ucvada Applied Ecology Group Steering Committee 

Any extensive ‘cleanup of plutonium con 
taminated area should not be initiated until 
extent health Implications and radioecologcal 
significance has been evaluated 

This project should have very high prioritv 
“ I t  is imperarive that the program proceed 
without interruption ’ The program referred to 
IS the total evaluation especially sod sampling 
coupled with a Fidler instrument (Gamma) type 
survey 

P h p i c d  and chemical characteristics of plu 
ionium in thc environment must be studied 
particularlv 

l 

(a)  distribution within soil components 
(b) 

(c) solubdity variables 

radioactivity as a function of particle 
sue 

VI Some Additional Reports were of interest 

I ’ Radiochemical Procedures For The Determination 
of Plutonium UI Environmental Samples, ’ Apnl 1970 
Danish AEC Research Establishment. Health 
Physics Department Rlsoe, by Erlk KpCr Markussen 

2 “Radiation Characteristics of Plutonium 238,” 
LASL 3696, October 1 1, 1967, George M Mattack 
and Charles F Metz 

3 *‘Documentation of Alpha Contamination a t  the 
Nevada Test Site,” Aprd 1961, unpublished internal 
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rcport Iron1 REE('0 to AEC datd Loriipiled bv 
B L Brown J L Gudner h ti Guinn 
C H Johnston dnd R J SLanlon cditcd hv 
f- w HllLO\ 

Report presents good summuv of 2 year histor) 
( I959 m d  1960) at tour dlpha contaminated sites 
Data show some alpha parricle penetration down 
to 17" inches and only slight resiispension none 
to create significant inhalation health hazards ' 

4 NVO 162 28 "Radiological Conditions at Project 
Roller Coaster 1966 
Surveillance Group REECO Januarv 1967 

by the staff of  Environmental 

Conclusions reached were 

(a) Contamination at the sites of Clean Slates 
I 2 and 3 as well as Double Track is well 
fixed The ground average reading for the 
most part is 100 clm over background 

(b) I t  is reasonable to assume that the material 
has not been rcsuspended and redistnbuted 
On this basis, there does not appear to be anv 
health hazard to the civdian population living 
in the region at this tune 

(c) I t  IS strongly recommended, however, that 
the highly contaminated debris exposed by 
erosion be reburicd or otherwise fixed tn 
sint W e  now have 3 copy at Rocky Flats 

5 Alpha Decontamination Proposal Nevada Test 
Site and Tonopah Test Range 
a proposal from REECO to NVO A t C  

unpublishcd copv ol 

Proposal discusses studv o f  plutonium contaminated 
soils at \TS and Tonopah and testing of soil 
stabillzation techniques Suggested materials are 
DCA 70 and Norlig A The former is a polymer 

RFP-INV- IO 
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uorks on the w d i c  fraction of soils and applica 
tion mieht cost 8 I 2  cents per square vard The 
latter is a calcium Iiqnosulfate costing about 
4 h cents per square vard to apply Total costs 
dre estimated at 5335 per acre The data in this 
proposal were obtained from a U S Bureau of 
Mines report on work performed on uranium ore 
tading at Tuba City, Aruona Actual development 
work by REECO at NTS is only just begnning 
wth  evaluation o f  several potential stabtllzer 
chemicals 

6 BNWL 122 1 ,  ' Plutonium Inhalation Studies,' 
W J Bair, February 1970 A series of lectures 
w e n  m Japan in 1969 (Rocky Flats Library has a 
COPY ) 

7 USBMRi 7288 "Chemical Stabilization of Uranium 
Tailings at Tuba City Arlzona '* Rtchard Havens 
and Karl Dean, August 1969 (Rackv Flats Library 
WIII order a copy ) 

8 DA PAM 525 5 U S  Army 1969 Mditary Opera 
tions 'Dust Control Lessons Learned." no authors 
listed (Rocky Flats Library wdl order a copy ) 

J R Seed 
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W H Lee 
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J F Wdlgng 

C T Illsley 
R & D Business & Plans 
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SERVICE REPORT / 

Report No. 317-72-186 

Tit le :  S o i l  Sampling Eaut of Indiana Aveouo 

Work Requested by: J. F. Willging 

Date Requested: November 13, 1972 

Work Performed by: R. W. Lo8er and R. L. Tibb.18 1 

Manhours: 24 

Date Work Started: November 17, 1972 

Date Work Completed: November 28, 1972 

Date Thia Repoh: Novembor 29, 1971 0 

Report Written by: B. 1. Locler 
9 
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INTRODUCTION 

. 

plutonium contamination i n  soi l  esst of Indiaaa Avenue may bo 

less than what haa been projected for t h e  area. This is 

substantiated by t h e  fact t h a t  only 36% of t h e  soil  saaples 

taken from the area a c t u a l l y  give the expocted plutonium 

concentrations.  Therefore, in order t o  better determine t h e  

Oxtent of plutonium contamination eaat of Indiana Avenue, a 

request was made for additional 8011 8ampling and a n a l y s i s .  

On November 17, 1972, 20 samples of  soil  were taken. Thi.  

report i d e n t i f i e 8  tho t8.t area, show8 whore tho ramplea wore 

taken, and de8cribes tho integrity of tho s o i l  rampling, 

Tha Test Area 

The area begin8 about 800 feet north of t h e  entrance t o  tha  4 

p l a n t ,  extends south along Indiana Avenue about 4400 f o o t ,  and 
~ 

reaches erut  i n t o  farm l a n d  about 2000 foot. Tho area ir 

h i l l y  and corui8t8 of undeveloped gramaland and plowod, f a r t i l o  

soil. Plutonium c o n t u i a a t i o n  in  tho area la eat iu tod  to  

be botwmon SO rCi/hr‘ md 100 a C l / h ’ ,  

From yrt of 1969 through Janwry o i  1972, tho sroa w u  rampled 

14 timoa, O f  tho 14 aruploa, only 5 saaplem g8vo tho erpocted 
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TABLB I 
Available Soil  Saaple An8lysea from tho 

Test Area Ba8t of Indian. Avonue 

Concentrat ion* 
Sample of Pu-239 in - Number m C i / h '  Sample Date . Prop.rty** 

2-108 
8-53 
8-52 

2-90 
230 
239 
241 
242 
226 
240 
228 
22s 
227 
229 

2.7 
6.3 
17.6 

22.5 
35.1 
41.8 
59.8 
73.8 
78.0 

78.8 
03.3 
140 
159 
594 

January 1972 
U y  1969-July 1970 

ft 

January 1973 
July  1971 

t l  

t l  

tf 

n 

W 

11 

19 

I1 

Butler Inve8t. Ltd, 
V. Cs ACkwd 

t l  

11 

t l  

0 

11 

11 

11 

11 

tv " /& 

ff t f  I - 

** Oa f i l o  Novabar 28, 1971, at tho J.fforaon County Courthour.. 

_- 

I 
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mate soil  sample locations. Five SmpleS along tho high tcbMiOh 

wires or along t h e  8 t r a i g h t  dashed l i n e  on t h e  pup r i l l  be t a h n  

at a later date. Saao of the 8 0 i l  samplO8, 8uch a8 t h e  four 

eamples east of tho high tcrasioa wira8, are a c t u r l l p  outs ida  

t h e  test area. 

Each sample consi8 ted  of about 150 in' of soil and small rocks. 

Ten samples were taked frop uopl~nred, hard, grua-covered ground 

Which Should giVO goad rWUlt8. Tho Other t o n  8 m p l 0 8  rere 

taken from plowed field.. Depending on rhea  tho fiold8 were 

last plowed, t h e  amount of plutonium i n  tho sample8 should be 

negl igible .  These reault8, of COur80, will not 8UppOrf tho 

projected plutonium concentrat ionr .  Analytic81 result. w i l l  be, 

available in Decukr. 

Table 11 liata tho condition of aoil  r u p l d ,  io..) rhothor 

p l o n d  uadovelopod, and tho proputp from which tho r u p l o  
- I 

e -  . 
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TABLE 11 

Additional Soil  Sample. Eaat of Indiana Aveaue 

L 

Stuuple Condition o f  
Number the Soil Property** 

0 hard, grrrr8-covered Butler  Invest.  Ltd., 1. C. Ackard 

2 I? But ler  Iavcwt. Ltd., W. C. Ackirrd 
3 Plowed I? 

4 d 

5 n .  I? 

1 I? C i t y  of Broomfield I 

I 

lt lt. 

6 
7 

n 

n 0 

8 Urd, gr888-COVOSOd 

9 

10 

n 

*t 

Marcus P. Qurch 
(9 

I? 

l? 

l? 

. *  

I 

I 12 Plowed B u t l e r  1nve.t. Ltd., 1. C. Ackard 
13 I* l? - 
14 

15 
16 I? 

21 hard, gr88a=covered Butler Invest. Ltd., W. C. Ackard 

23 n E. Kippur, I. Kippur, and L. Gordon 
24 W Standley Lake Laad Company 

l? 22 8V 1 

118 
17* 
181 
19* 
201 

To ba taken. 

City of  Broamfield 
Butlor I n ~ 0 8 t o  Ltdo, 1. C. ACfurd 

t t  

On ill. Notrear 28, 1972, a t  tho  Jefferroa County 
Courthourr.. 

. 
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twantpf l ro  sei1 srnpt 8 c o l l e c t e d  In August,  1976,  by E b e r l l n e  
Instrument C o r p o r r t l o n  personnel  u r l n g  t h e  Rockwell  
I n t e r n r t l o n r l  r o l l  s r r p l l n g  technlque were s e l e c t e d  f o r  r p e c l t l  
analyses. S e l e c t l o n  was nrde on r random br s l s  from edch o f  t h e  
S I X  l a n d  p r r c e l s .  

Two o f  the  f l v e  s l t e s  In  S e c t i o n  6 (Great  Western Ventures 
P r o p e r t y )  were s e l e c t e d .  Two o f  the f o u r  $ I t e r  In  Sect lon  9 
(Church P r o p e r t y ) ,  two o f  the SIX s l t e s  In  Seet lons  21 and 22 
(Church P r o p e r t y ) ,  f l v e  o f  the 20 s i te s  I n  S e c t i o n  23 (Church 
P r o p e r t y ) ,  and f o u r  o f  the 16 s l t e s  in S e c t i o n  24 (Church 
P r o p e r t y )  were s e l e c t e d .  F i v e  of  the  22 s i t e s  i n  S e c t i o r  7 and 
16 (Good and A s t o c l r t e s  P r o p e r t y )  were s e l e c t e d .  These 
s e l e c t i o n s  p r o v i d e d  I mlnlmum o f  23% o f  t h e  r i t e s  In each l a n d  
p a r c e l  . - 

Samples uere a l s o  Inc luded fror the background s l t e r  a t  Limon, 
L i v e r m o r e ,  C r o o k ,  Penrose,  and L r t h t o p  S t r t e  P a r k .  

A l l  samples h r d  r e c e t v e d  p r e a n r l y s l s  t r e r t r e n t  in the E b e r l l n e  
L ~ b o r r t o r y  I n  Albuquarqu8. T A I S  t r e r t r 8 n t  Included d r y l n g  a t  
llO°C, s c r e e n i n g  through 8 10 mesh s l e v e ,  homogenltlng,  
s p l l t t l n g  I n t o  two f r r c t l o n s  and b a l l  n l l l l n g  one f r a c t l o n .  One 
hundred grrm p o r t l o n r  o f  the  b a l l  m i l l e d  m a t e r i a l  were p l a c e d  f n  

16 ounce p l r s t l c  b o t t l e s  f o r  r n a l y s l s .  

F i r e  s r w l 8 s  uem s e l e c t e d  on a random b a s t s  for a n r l y s l r  by the 
H e a l t h  S w r l c e s  L a b o r a t o r y ,  Energy Research and Oevelopment 
A d m l n l s t r r t i o n ,  l d r h o  F a l l s ,  Idaho. Cerium-137 was determined 
wlth  r gamma s p e c t r o m e t r l c  system u t l l i t l n g  a I l t h l u m  d r i f t e d  
geraanium d e t e c t o r  and p u l s e  h e i g h t  analyzer. Var lour  i sotopes  
o f  u r a n i u n ,  t h o r l u n ,  and plutonlum were determined by alpha 
spectroreopy a l t e r  r a d i o c h e r i c a l  s e p a r a t i o n s .  S e p r r r t i o n r  
lnrolrlng uranium and p l u t o n l u n  r e q u i r e d  t h e  use o f  lrotoplc 
t r a c e r s  t o  c o r r e c t  f o r  less  t h a n  100 percent  r c c o v e r l e s  i n  the 
chcnlcal p r o c e d u r e .  



Tho ocrtlfa group of  ts Srrphs was dnrlyrod by two laborrtorim 
rt  Rock# FlCtr. aIH1 rpectrorcopy, utillting I lithiur drifted 
gorarnlucl dotector rnd Ort8c 6240 rultichrnnel pulse height 
r n ~ l y ~ o r ,  was perforred in tho €nvironmental Science Lrborrtory, 
Edch grrrr spwtrum was interpreted by meins o f  the Ortec gram 
rnrlysir computer programs on 8 PDP-.ll/O$ computer. the 
follorlng nucltdos ref0 conclusively identified in the samples* 
232Th, 228Th, 226Rr, 1 3 7 C s ,  rnd ‘OK. These rrdlonuclldes are  
all naturally occurring except 137Cr, which is 8 worldwide 
fallout product o f  rtaorphrrlc nuclear weapons testing, 

Sarplas were analyzed for isotopes of urrnlur, thorlurr, 
neptunium, and curium by alphr spectroscopy, following 

Service ClbOr8tOry. Less than complete recoveries were 
corrected for by the us8 of  urrnlurr-232 for  urrnlum-238 and 234. 
Other recoverles were checked by the method of additions in 
rhlch a known amount of  the Isotope being sought is rdded to the 

r8diocheaicrl SeplrrttOnS and PUrfflCatlOnS In the 68ner81 

SrmpI8e 

Strontium YIS doterrinad by bet8 counting after sample solutions 
were treated to separate and purify strontlua-89, strontium-90, 
and yttrium-90, 



4w 

The ~erulta of  rnrlySa8 porloraed a t  Rocky Plat8 are protortad 
I n  T W O  1, thoro rosults roprosont drtr for  tRe l ~ l l ~ ~ h g  
radlonuclldar: 
237ap. 2'4Gar 89Sr, "Sr, 226Rre and 'OK. 
calculated for rrrtou8 prlrs and these valuas w e  shown In Table 

37cs * 238" 234" , 232th, Z30The P29Th e "%h, 
fsotoglc ratios uere 

1, 

The data on plutonlun concentratlons shown I n  Table 1 are fron 
rnrlyrer porforaed by Cberllne Inrtruaont Corporatlon. 

Tho rosults of analyses performed at the EROA Health Services 
Labocrtory In Idaho are presented I n  Table 11. O8tr f c o r  Rocky 
Flats and Eberllne analyses are  repeated fn Table 11 for 
comprratlve purpo,es. 
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0 I SCllfS I ow 

Tho rarultr thou anticipated coh~entratlonr for rlt 
radionuclides measured In this s e r i e s  of speclal analyses. 
Rrtlor o f  varlous pairs  o f  radionuclides r h o  illustrate the 
norrrlcy of drtam The eerlun-to-plutonium ratio ylelds r nern 
of 31 over  the range (1 to 130 for all samples.  The extreme 
vrluo represents the soil frolr Crook ,  Colorado, when the 
plutonium concentrrtion was nerruced at only Om01 dislntegration 

4 

per rlnute per gram (d/R/g)m The mean 
to the value of 48 calculated by Ulche 
Denver area .  1 

The results for 238U fall Into the ran 

of 31 should be Compared 
s and nlller f o r  the 

with a mean value of 3.4 d/a/g. fhlr 1s equivalent to 1.6 parts 
per nilllon (pen), by weight, which is to be expected in soils 
der lv8d  fron bedrock in the Front Range. There rocks typically 
contain fcor 1.8 to 7.6 ppn uranlulr and there are ore 
concentrations at locattons, such as the fchwarttwalder uraniun 
mine. 
equtlibriur between parent rnd descendant. The mean ratio of 
"OTh tc  238U Is only 0 . 6 .  however, Indicating separation o f  
the two rrdlonuelldes. It appears that the mor8 mobile urrnfum 
h a s  becom8 separated durlng wertherlng processes froa the less 
moblle thorium daughters. Thlr conclurlon Is not borne out by 
the mean fati6 Of z2611a t o  238U which Is 1.2. Radium-226 i s  a 

2 

The mean ratlo of 234u to 238U Is 1.1 whlch indicates 

descendant of 230Th. 

Similar data  were determined for  nttural thorium. The activity 
o f  2 3 2 T R  sds found to be within the range from 1.3 to 9.6 o/nr/g/ 

with a mean o f  3.1 d / m / g .  This value is equivalent to 12.15 3911, 

by welght of thorium, The reported conctntrrtlonr of thor*,m In 
front Range cocks a r e  I n  t h e  range between 9 and 36 ppm, w'*n a 
mean o f  22.1 ppcn,' 
to be l,l, which indlcrfcr n e r c  equilibrium in the thor ium ? @ c r y  

232Th was t r , n d  The mean rrtlo o f  22wTh ta 

S t r f 8 S .  
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tbo m$alt$  foc Z%p+do not Indlcrto tho prosenco of thfs 
ro~loru~lldo i n  $oi l s  surroufidlng Rocky Ilrtr, Tho rlnlnu~ 
dotoctrblo mount by tRo procoduro usod wrs 0 , Z  d/m/q. The 
hlgkort rrluor morsured wore 0.3  d/m/g for srnplo sites 28 and 
$0 with strndrrd devlrtlons o f  0.4 and 0.2 d/n/g, rospectlvely. 

TIW rowlta for Z4'tr &re sjni lrr  to thogo for noptuniun, Host 
of tho dbtr rro flat slgnlliontly grortor than tho nlnlnun 
dotoetablo  mount of 0,b d/m/g, On8 vr luo .  l,il d/m/g, for slto 
40 cannot bo orplrinod orcept on the bas is  of posslbte 
contrmlnrtlon in tho anrlyticrl I t b o r r t o ~ ~ ~  

Tho SOnSftivIty of the r8dfOChOnfC4l procedure for strontlua 
rllowod only general screening rnrlysos, TRo f80tOpO a93r was 
not dotoctod I n  mounts grartor than tho nlnlnun detectable, 
Tho fSOtOp8 "3f' W1S d8tOCt8d f n  Only two Of the 2% Sr f lp lOS ,  

Tho sample from Limon, Colorrdo showed I3 d/a/g rnd  th8 srrrpto 
fro# site 72 showed 16 d/m/g, coaprred to nlninur botectclbl8 o f  
10 d/m/@, 

Tho rrflgo of rctlrlty for tho nrturrtly occurr lq  rrdlotsotope 
of gotrsslua, 'OK, was lroa 20.2 to 50.4 d/r/g, with I m a n  o f  
36,2 d/a/g, Thoso values w e  nornrl for soils derived froa 
rock$ contrlnlrg pot8sslua In tho range betweon two rnd s i x  
p e r c e n t  by we j k t .  
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ABSTRACT 4 

The Colorado Department o f  Heal th  has eva luated  levels  o f  r a d i o a c t i v e  
plutonium and cesium i n  s u r f a c e  s o i l  around t h e  Rocky Flats Nuclear  
Weapons P l a n t .  
t h e  same as repor ted  i n  previous  years .  
state c o n c l u s i v e l y  t h a t  i n d u s t r i a l  o p e r a t i o n s  o r  a c c i d e n t s  a t  Rocky 
Flats have n o t  c o n t r i b u t e d  any cesium-137 t o  t h e  environment, a l l  radio-  
active cesium levels determined are w i t h i n  t h e  range o f  v a l u e s  a t t r i b u t a b l e  
t o  world-wide f a l l o u t .  

Plutonium contaminat ion levels found are e s s e n t i a l l y  
While it i s  n o t  p o s s i b l e  t o  

Also presented  i n  t h i s  r e p o r t  i s  a v e r y  b r i e f  e v a l u a t i o n  o f  t h e  soil 
c o l l e c t i o n  and s e p a r a t i o n  procedure  used by D r .  Carl Johnson, J e f f e r s o n  
County Health Department. While not  complete enough t o  f u l l y  e x p l a i n  
t h e  high v a l u e s  which were r e p o r t e d  by D r  Johnson, it appears  t h a t  t h e  
s e p a r a t i o n  procedure alters t h e  plutonium and cesium c o n c e n t r a t i o n s  and 
t h e  r a t i o  o f  t h e  two. 



INTRODUCTION AXD HISTORY 

Atmospheric t e s t i n g  o f  nucldar  weapons by several n a t i o n s  has r e s u l t e d  
i n  t h e  world-wide d i s t r i b u t i o n  o f  measurable q u a n t i t i e s  of man-made 
r a d i o a c t i v e  materials t o  t h e  environment s i n c e  t h e  e a r l y  1950's Over 
the e a r t h ' s  land masses most o f  t h i s  material settles on t h e  s o i l  and 
then is t ranspor ted  through t h e  environment depending on i t s  p h y s i c a l  
ard  chemica l  form, t h e  type o f  s o i l ,  amount o f  mois ture ,  type o f  
v e g e t a t i o n ,  and u s e  o f  t h e  land. O f  pr imary long term concern t o  h e a l t h  
are t h e  long  h a l f - l i f e  materials Plutonium-239 (a component o f  t h e  
weapons), Cesium-137 and Strontium-90 (which are products o f  t h e  f i s s i o n  
p r o c e s s ) .  These materials, if i n c o r p o r a t e d  i n t o  t h e  human body, p r e s e n t  
a p o t e n t i a l  long term r a d i a t i o n  hazard.  

Plutonium as r e l e a s e d  from weapons and depos i ted  on t h e  e a r t h  i s  
p r i m a r i l y  i n  i t s  ox ide  form (Pu02) which i s  a h i g h l y  i n s o l u b l e  material 
and, hence ,  i s  r e l a t i v e l y  immobile i n  t h e  environment as far as chemica l  
p r o c e s s e s  are concerned In a d d i t i o n ,  uptake o f  plutonium i n  t h e  
d i g e s t i v e  system is v e r y  low Consequently,  t h e  major  pathway f o r  
exposure o f  popula t ions  t o  plutonrum i s  resuspension from t h e  s o i l ,  
i n h a l a t i o n ,  d e p o s i t i o n  i n  t h e  lung,  and subsequent t r a n s l o c a t i o n  t o  t h e  
bone and o t h e r  organs  

Cesium and s t ront ium,  on t h e  o t h e r  hand, are chemica l ly  similar t o  
materials such as sodium, potassium and calcium which form s o l u b l e  
salts  and are r e a d i l y  a v a i l a b l e  (at least i n i t i a l l y )  f o r  chemical  
t r a n s p o r t  i n  t h e  environment. 
on p l a n t s  may b e  e a t e n  and absorbed i n  t h e  bodies  of humans or animals  
o r  t h e  materials may b e  taken through t h e  r o o t s  o f  t h e  p l a n t s  and r e a c h  
man i n  t h a t  manner. 
human exposure ,  i s  g e n e r a l l y  cons idered  to  b e  a n  i n s i g n i f i c a n t  means 
compared t o  t h e  i n g e s t i o n  pathway f o r  t h e s e  elements.  

R a d i o a c t i v e  cesium and s t ront ium depos i ted  

I n h a l a t i o n ,  w h i l e  it w i l l  c o n t r i b u t e  s l i g h t l y  t o  

While world-wide f a l l o u t  o f  t h e s e  materials has  been measurable s i n c e  
a t  least 1 9 5 4 ,  it reached a peak during t h e  y e a r s  1963-1964 and has  
dropped o f f  r a p i d l y  s i n c e  (See  F i g u r e  1). T h i s  i s  explained by t h e  
e x t e n s i v e  n u c l e a r  t e s t i n g  conducted by t h e  U.S and t h e  U S.S.R 
immediately proceeding t h e  n u c l e a r  test ban t r e a t y  o f  1962. Atmospheric 
t e s t i n g  conducted by France  and China in the years since 1 9 6 8 ,  has  n o t  
had a s i g n i f i c a n t  impact  on t o t a l  d e p o s i t i o n  though i t  has  undoubtedly 
i n f l u e n c e d  the rate of d e c r e a s e  in f a l l o u t  levels. Considerable  d a t a  
on world-wide f a l l o u t  h a s  been generated  by t h e  Heal th  and S a f e t y  
Laboratory  o f  t h e  US ERDA and i s  a v a i l a b l e  i n  t h e i r  q u a r t e r l y  r e p o r t s .  
A d d i t i o n a l  in format ion  may b e  found i n  t h e  PHS and EPA R a d i o l o g i c a l  
Heal th  Data and Reports .  

I n  1 9 7 0 ,  fo l lowing t h e  d iscovery  by K a r t e l l  of  plutonium contaminat ion 
i n  t h e  v i c i n i t y  o f  Rocky Flats Nuclear  Weapons P l a n t  northwest  o f  
Denver, c o n s i d e r a b l e  s o i l  a n a l y s i s  was perfonned i n  t h i s  area. The 
e x t e n t  o f  t h i s  plutonium contaminat ion was r e p o r t e d  by Ktey and Hardy 
(HASL-235, US AEC, Heal th  and S a f e t y  Laboratory ,  August 1, 1970)  and 
by P o e t  and Martell (Health P h y s i c s ,  Vo l .  23, pp 537-548, 1972) .  

, 
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Although t h e  o r i g i n a l  s u s p i c i o n  was that t h i s  plutonium WDS r e l e a s e d  
during one o f  t h e  ma jor  f ires at  t h e  p l a n t  (1957 o r  1 9 6 9 1 ,  both of t h e  
above referenced art icles  conc lude  t h a t  a m a j o r i t y  o f  t h e  e l e v a t e d  
p lutoniun  l e v e l s  are due t o  l5akage  o f  olutonium contaminated c u t t i n g  
o i l  from dr1-m s t o r e d  i n  t h e  southeas t  c o r n e r  o f  t h e  p l a n t  f r o n  1958 
u n t i l  19G8 
d i r e c t i o n  (F igure  2) by t h e  p r e v a i l i n g  vIinds The h i g h e s t  l e v e l s  o f  
contar inatEd s o i l  on t h e  p l a n t  s i t e  h a t e  s i n c e  been covered by a layer 
of  a s p h s l t  t o  decrease a d d i t i o n a l  d i s y e r s i o n .  

The contaminat ion  vas then spread i n  an east - s o u t h e a s t e r l j  

I n  a d d i t i o n  t o  r e p o r t i n g  c o n c e n t r a t i o n s  o f  plutonium-239 i n  soil samples 
c o l l e c t e d  i n  t h e  area around Rocky Flats and o t h e r  areas of  t h e  s t a t e ,  
P o e t  ard I f a r t e l l  ana lyzed  most o f  t h e i r  soil samples f o r  s tront ium-90.  
These va lues  are r e p o r t e d  and t h e  *39Pe/gOSr r a t i o  used t o  determine 
the e x t e n t  o f  plutonium contaminat ion dae t o  i n d u s t r i a l  o y e r a t i o r s  
a t  t h e  Rocky F l a t s  P l a n t  as opposed t o  world-wide f a l l o u t  There is  no 
indrcaticn from t h i s  d a t a  t h a t  strontium-90 s o i l  contaminat ion  o r i g i n a t i n g  
f r c n  p l s n t  c p e r a t i o n s  e x i s t e d  at  t h e  time o f  sample c o l l e c t i o n  (1969- 
1 9 7 0 )  

As a r e s u l t  o f  t h e  1969  f i r e  a t  Rocky F l a t s  and t h e  d i s c o v e r y  o f  o f f - s i t e  
plutonium coqtaminat ion  due t o  p l a n t  o p e r a t i o n s ,  t h e  Colorado Department 
o f  Heal th  i n i t i a t e d  a n  e x t e n s i v e  environmental  moni tor ing  program 
T h i s  monitoring has inc luded t h e  sampling of a i r  p a r t i c u l a t e s  on a c o n t i n t o u s  
2r hour pcr day b a s i s  s i n c e  May, 1970.  water i n  t h e  d r a i n a g e  b a s i n s  
c r c s s i n g  the p l a n t  on a g r a b  sample b a s i s  s i n c e  1 9 6 9 ,  and s u r f a c e  s o i l  
on an annual grab sample b a s i s  s i n c e  1970 

Cir and .rvater samples have been analyzed f o r  t h e  p r e s e n c e  o f  b e t a  
e m i t t i n g  i s o t o p e s  (which i n c l u d e  most o f  t h e  f i s s i o n  products  o f  
i n t e r e s t )  as vel1  as composited f o r  plutonium a n a l y s i s .  Sur face  s o i l  
samrles  have been ana lyzed  f o r  plutonium, uranium and b e r y l l i u m  

@ 

I n  r e c o g n i t i o n  o f  p o t e n t i a l  i n h a l a t i o n  hazards due t o  t h e  o f f - s i t e  
plutonium contaminat ion in s o i l  and t h e  i n c r e a s e d  u s e  o f  land in t h e  
L i c i n i t - 7  o f  the Rocky Flats P l a n t ,  t h e  Colorado Board o f  Heal th  adopted 
i n  1 9 7 3  an i n t e r i m  s tandard  f o r  plutonium levels i n  s u r f a c e  soil. Land 
areas exceeding t h i s  level o f  2 dpm/gm of s u r f a c e  s o i l  are r e q u i r e d  t o  
r e c e i v e  remedial  t r e a t m e n t  t o  lower the c o n c e n t r a t i o n  p r i o r  t o  t h e i r  
r e l e a s e  fcr  r e s i d e n t i a l  use.  The h e a l t h  r i s k  due t o  i n h a l a t i o n  o f  
resuspended surface soil contaminated with plutonium a t  t h i s  l e v e l  
based on neasurements o f  whole soil and a s s o c i a t e d  time averaged t o t a l  
a i r b o r n e  Concentra t ions  has  been eva luated  p r e v i o u s l y  by t b i s  Depart- 
ment ("A Risk E v a l u a t i o n  f o r  t h e  Colorado Plutonium-in-Soi l  Standard",  
Jancary ,  1976) .  

In 1 9 7 5 ,  Dr Carl Johnson ( D i r e c t o r ,  J e f f e r s o n  County Heal th  Department) 
presented  a r e p o r t  t o  t h e  Board o f  County Commissioners o f  J e f f e r s o n  
Count$ which conta ined  a proposa l  o f  a "new s tandard  t o  d e f i n e  a p o t e n t i a l  
a i r b o r n e  - plutonium p a r t i c l e  hazard io terms o f  t h e  c o n c e n t r a t i o n  of 
plutonium i r  r e s p i r a b l e  dust"  His theory and t h e  r e s u l t s  of analyses 
perforned on a number o f  samples were subsequent ly  publ i shed  (Johnson, 
T i d b a l l ,  Severson,  "Plutonium Hazard i n  R e s p i r a b l e  Dust on the Surface  
o f  Soil', S c i e n c e ,  V o l .  193,  pp 488-490). This procedure  i n c l u d e s  

, 
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Figure 2 424 Plutonium-239 Contours Around Rocky Flats (pCi/m+) 
(adapted from b e y ,  1970) 

VCTE T h i s  nap was taken from t h e  Draft  Environmental Impact 
--' Statement Rocky F l a t s  P l a n t  S i t e ,  Golden, Colorado, 
V o l  I ,  September 1977.  The values on the  i s o p l e t h  
curves are t o t a l  inventory deposition values as cal- 
culated by Krey and Hardy, HASL-235, 1970. 
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sweeping t h e  s u r f a c e  of  t h e  soil with  a c l e a n  brush or wisk broom t o  
o b t a i n  a p o t e n t i a l l y  resuspeddable soil f r a c t i o n ,  dry s i e v i n g  o f  t h e  
s o i l  c o l l e c t e d  t o  o b t a i n  a <2  mm f r a c t i o n ,  fo l lowed by an aqueous 
hydrogen perox ide  d i g e s t i o n  t o  remove s o l u b l e  salts  and organic  
materials, t rea tment  wi th  an u l t r a s o n i c  probe t o  d e s t r o y  soil agg- 
regates, and aqueous sedimentat ion t o  o b t a i n  a f r a c t i o n  o f  soil which 
is d e f i n e d  by D r .  Johnson as respirable It i s  t h i s  f r a c t i o n  of  s o i l  
which i s  then analyzed f o r  plutonium. 

a 

I 
I P l a n t ,  January 10, 1977)  concluded t h a t -  

A r e p o r t  prepared by R.L. Murri e n t i t l e d  "Gamma Analys is  o f  Plutonium 
Contaminated S o i l  at Rocky Flats" (Murri ,  ES-376-77-197, Rocky Flats  

I 

" . The fo l lowing  n u c l i d  were i d e n t i f i e d  n a l l  t h e  
samples 228Th, 232Th, '96,,, 137Cs, and 4'K. Only 
137C.s was p r e s e n t  i n  g e n e r a l l y  l a r g e r  amounts in t h e  
s ix  test  samples than t h e  background samples.  A l so ,  
241Am was found e x c l u s i  y i n  t h e  s ix test  samples, 
as was expected. .  .The n s 4 C ~  r e s u l t s  should b e  f u r t h e r  
s t u d i e d  t o  e s t a b l i s h  i t s  s i g n i f i c a n c e . "  

T h i s  s tudy c o n s i s t e d  of s ix  s u r f a c e  s o i l  samples c o l l e c t e d  i n  a small 
area east o f  t h e  a s p h a l t  pad known t o  b e  contaminated wi th  plutonium, 
and s i x  background samples (3 n e a r  t h e  west p l a n t  boundary and 3 a long  
R a l s t o n  Creek t o  t h e  west o f  t h e  p l a n t  s i t e ) .  

As a r e s u l t  of  t h i s  r e p o r t  and a subsequent r e p o r t  by D r  
(Report  t o  t h e  J e f f e r s o n  County Board o f  H e a l t h ,  March 3 1 ,  1977)  
t h a t  a n a l y s i s  of  f o u r  o f  h i s  " r e s p i r a b l e  dust"  samples y i e l d e d  s i g n i f i c a n t  
non-homogeneity o f  r e s u l t s  and one sample with a "large amount" o f  
13'Cs, t h e  Colorado Department o f  Heal th  undertook an e v a l u a t i o n  o f  
cesium-137 i n  t h e  s u r f a c e  soil samples c o l l e c t e d  as p a r t  o f  t h e  1977 
Rocky Flats S u r v e i l l a n c e  E f f o r t .  

Carl Johnson 

T h i s  p a p e r  i s  presented  as a r e p o r t  on t h a t  e v a l u a t i o n  and i n c l u d e s  
b o t h  t h e  plutonium and cesium-137 r e s u l t s  obta ined  I n  a d d i t i o n ,  t h i s  
Department h a s  reviewed d a t a  from o t h e r  s o u r c e s  relative t o  t h i s  s u b j e c t ,  
and has  eva luated  (though n o t  complete ly)  t h e  procedure used by Dr. 
Carl Johnson t o  determine what effect ,  i f  any,  i t  might have had on t h e  
plutonium and cesium c o n c e n t r a t i o n s .  
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PROCEDURES 

Sample C o l l e c t i o n .  4 

S u r f a c e  s o i l  samples were c o l l e c t e d  by t h r e e  d i f f e r e n t  procedures as 
part o f  t h e  1 9 7 7  soil survey The c o l l e c t i o n  methods used were t h e  
"Colorado Department o f  Health method", t h e  o l d  "CDH spoon method", 
and t h e  " D r  These  methods are d e t a i l e d  as 
f 0 l lows 

. 

Johnson sweeping method'' 

TPe "Colorado Department of Health method", which has  been used f o r  t h e  
last  two y e a r s ,  u t i l i z e s  a template which o u t l i n e s  a 2 cm x 3 cm area and 
c o l l e c t s  t h e  top  0 3 cm (1/8") o f  s o i l  w i t h i n  t h a t  area. 
indiv idual  samples are c o l l e c t e d  and cornposited i n t o  one sample t h a t  i s  
analyzed f o r  t h e  area. An attempt i s  made t o  c o l l e c t  undisturbed s o i l ,  
however, no in format ion  on s o i l  h i s t o r y  i s  obta ined  The remote area 
samples ( B u r l i n g t o n ,  Crooke, Limon, Livermore,  Loveland,  Penrose ,  Spring- 
f i e l d  and Walsenburg, S e e  F i g u r e  3) are c o l l e c t e d  a long  roads and highways 
leading t o  or from t h e  g iven  communities, w i t h  i n d i v i d u a l  samples taken 
a t  approximately one mile i n t e r v a l s  S i d e  roads  are u t i l i z e d  where 
necessary  t o  l o c a t e  undisturbed si tes  Samples w i t h i n  t h e  t h i r t e e n  
Rocky F l a t s  S e c t o r s  are c o l l e c t e d  more or less at  random and cornposited 
(F igures  4-7) 

Twenty-five 

The "Colorado Department o f  Heal th  spoon method" o f  c o l l e c t i o n  c o n s i s t s  
o f  scooping s u r f a c e  soil t o  a depth o f  approximately  1/8" wxth a spoon. 
Sampling by t h i s  method was conducted i n  S e c t o r s  1,  2 ,  6 and 7 at t h e  
same i n d i v i d u a l  s i tes  (dots  i n  F igure  3) as t h e  CDH method. 

The " D r .  Johnson method", which was d e s c r i b e d  in S c i e n c e ,  Vol  1 9 3 ,  
c o n s i s t s  o f  sweeping t h e  s u r f a c e  o f  t h e  soil w i t h  a brush o r  broom and 
c o l l e c t i n g  s o i l  from w i t h i n  a 4 square meter area. For  t h e  remote 
l o c a t i o n s ,  one s i t e  was s e l e c t e d  near  e a c h  community. I n  t h e  t h i r t e e n  
s e c t o r s  t h i s  procedure  o f  Johnson, et.  a l . ,  was modified s l i g h t l y  i n  
t h a t  c o l l e c t i o n s  from more than one s i t e  were cornposited f o r  t h e  s e c t o r  
sample, t h e  area o f  each  c o l l e c t i o n  b e i n g  a d j u s t e d  such t h a t  t h e  t o t a l  
was 4 square  meters. S e c t o r s  1, 2 ,  3, 4, 6 and 7 c o n s i s t e d  o f  e i g h t  
i n d i v i d u a l  samples w h i l e  S e c t o r s  5, 8 ,  9 ,  10, 11, 1 2  and 1 3  c o n s i s t e d  
o f  f o u r  e a c h  ( S e e  F i g u r e s  5-7, "J" i n d i c a t e s  s i te  sampled by t h i s  method). 

Remote sites were c o l l e c t e d  A p r i l  11-15, 1977  (except Walsenburg, February 
18) The s e c t o r  samples were c o l l e c t e d  dur ing  May. 
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FIGURE 4 
CDH SOIL SURVEYS - SECTOR LOCATIONS 
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FIGURE 5 

1977 SOIL SURVEY - SAMPLIXG LOCATIONS 
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Sample P r e p a r a t i o n  

Fol lowing c o l l e c t i o n ,  a l l  samples were weighed, then oven d r i e d  
o v e r n i g h t  (103OC) and dry s i e v e d  
s t i c k s )  which f a i l e d  t o  Pass a 2mm s c r e e n  was discarded The remaining 
material was mixed and divided by coning  and q u a r t e r i n g  t o  y i e l d  a 
sample o f  approximately 20-30 grams t o  b e  ground f o r  plutonium a n a l y s i s  
Grinding was performed in an automatic  mortar  and pestle  wi th  app- 
r o x i m a t e l y  2 grams used for each plutonium a n a l y s i s  One hundred 
grams o f  t h e  unground, less than  2mm soil was taken  f o r  cesium a n a l y s i s .  
R e p l i c a t e  cesium a n a l y s e s  were performed on a d i f f e r e n t  a l i q u o t  of t h e  
less than  2nrm s o i l  

Any material ( inc luding  rocks and 

P a r t i c l e  S i z i n g  

R e p r e s e n t a t i v e  samples o f  s o i l  (approximately  80-100 grams each) , 
c o l l e c t e d  by t h e  CDH method i n  S e c t o r s  2 and 3 ,  Limon and Loveland 
were t a k e n  f o r  c o l l e c t i o n  o f  t h e  "less than 5um" f r a c t i o n  used by 
D r  Johnson T h i s  s e p a r a t i o n  was performed by CDH i n  cooperat ion  w i t h  
t h e  J e f f e r s o n  County Health Department,  and i n  t h e  f a c i l i t i e s  o f  t h e  
U S G e o l o g i c a l  Survey fo l lowing  t h e  procedure  used by t h e  J e f f e r s o n  
County Heal th  Department 
d i g e s t i o n  fol lowed by u l t r a s o n i c  v i b r a t i o n ,  sedimentat ion and freeze 
dry ing  as d e s c r i b e d  i n  d e t a i l  i n  Appendix 11 Addi t iona l  samples could  
not b e  run due t o  t h e  n e c e s s i t y  t o  r e t u r n  e s s e n t i a l  borrowed equipment. 

T h i s  procedure  i n v o l v e s  a peroxide-heat  

Plutonium A n a l y s i s  

A l l  s o i l  samples were analyzed f o r  plutonium by a lpha  spec t roscopy 
f o l l o w i n g  a procedure  (See  Appendix 111) based on t h a t  o f  T a l v i t i e  
(Anal Chem 43 1827-1830,  1971) .  The minimum d e t e c t a b l e  a c t i v i t y  
f o r  plutonium-239 is 0 02  dpm/gm. 

Cesium A n a l y s i s  

Cesium a n a l y s i s  was performed u s i n g  a h i g h  r e s o l u t i o n  (3 KeV FWHM 
a t  662 KeV) Ge(Li) ganma spec t roscopy system c a l i b r a t e d  us ing  NBS 
Standard R e f e r e n c e  Material 4350 - River Sediment. 
i n  100 m l  b o t t l e s  i n  a s tandard geometry for a minimum o f  500 minutes  
The minimum d e t e c t a b l e  a c t i v i t y ,  assuming a one hundred gram sample, 
500 minute c o u n t ,  i s  es t imated  t o  b e  0 30 dpm/gm f o r  cesium. The 
s p e c t r a  o b t a i n e d  were v i s u a l l y  examined f o r  o t h e r  gamma e m i t t i n g  f i s s i o n  
products .  

Samples were counted 
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RESULTS 

S o i l  Sampling 1976 b 

Composite samples o f  s u r f a c e  s o i l  
t h e  "CDH method" d e s c r i b e d  i n  t h e  

c o l l e c t e d  during 1976 according t o  
previous s e c t i o n  were available f o r  

a n a l y s i s  They had a l r e a d y  been s ieved  and s p l i t  p r i o r  t o  commencement 
o f  t h i s  s tudy ,  hence ,  only  p o r t i o n s  o f  t h e  less than  2 rmn (dry sieved) 
f r a c t i o n  were a v a i l a b l e  f o r  cesium a n a l y s i s .  These  r e s u l t s  ( i n  dpm/gm), 
along wi th  t h e  r e s u l t s  o f  t h e  plutonium a n a l y s i s ,  appear i n  Table  I 
Where two s e p a r a t e  r e s u l t s  appear ,  they r e p r e s e n t  ana lyses  on separate 
a l f q u o t s  o f  t h e  same sample. E r r o r  terms are t h e  2 sigma counting 
e r r o r s  f o r  i n d i v i d u a l  determinat ions  

S o i l  Sampling 1977 

T a b l e  I1 p r e s e n t s  d a t a  on t h e  mass o f  t h e  composi te  s o i l s  c o l l e c t e d  
during t h e  annual  1977 soil survey All samples were composited i n  t h e  
f i e l d  wi th  l a r g e  rocks  and sticks r e j e c t e d .  Although several days 
e lapsed between c o l l e c t i o n  and dry ing ,  t h e  d i f f e r e n c e  between wet and 
dry weights  provides  some i n d i c a t i o n  o f  c o a d r t i o n s  at c o l l e c t i o n  The 
d i f f e r e n c e  between t h e  dry and s ieved  weights  is an i n d i c a t i o n  o f  t h e  
amount o f  n o n - s o i l  material (i e. r o c k s  and sticks) c o l l e c t e d  wi th  t h e  
sample. The v a l u e  f o r  Kg/m2 c a l c u l a t e d  f o r  t h e  "CDH sampling method" 
i s  used as a d e n s i t y  convers ion  term i n  subsequent t a b l e s .  This has  
been done r a t h e r  than adopting an a r b i t r a r y  d e n s i t y  as o t h e r s  have done 
i n  an at tempt  t o  compensate f o r  s u r f a c e  d e n s i t y  d i f f e r e n c e s .  
noted t h a t  one sample (Walsenburg) has a d e n s i t y  o f  less than 1 gm/cm3 
(3.0 kg/m2 t o  a depth o f  0.3 cm equals  1 gm/cm3) which may be  due t o  
winter  f r e e z i n g  and thawing near  t h e  tune o f  c o l l e c t i o n  o r  a problem wi th  
t h e  sample c o l l e c t i o n .  The samples l a b e l e d  as "Johnson method" were 
c o l l e c t e d  by t h e  sweeping technique No at tempt  has  been made t o  conver t  
t h e  r e s u l t s  obta ined  by t h i s  technique t o  area c o n c e n t r a t i o n s  due t o  t h e  
= p r e c i s i o n  i n h e r e n t  i n  t h e  c o l l e c t i o n  procedure  

It is 

Presented  i n  T a b l e  I11 are t h e  r e s u l t s  ( a g a i n  i n  dpm/gm) f o r  t h e  samples 
c o l l e c t e d  i n  1977.  All r e s u l t s  in t h i s  t a b l e  are f o r  t h e  whole (i.e 
<2  mm f r a c t i o n )  s o i l  
inc luding  r o c k s  and sticks,  however, t h e  i n a b i l i t y  t o  select a representa -  - t i v e  sample o f  such  material precludes  meaningful  i n t e r p r e t a t i o n  of 
r e s u l t s  and these are not  reported.  

Analyses were a l s o  performed on "gross"  samples 

I n  a d d i t i o n  t o  t h e  a n a l y s e s  performed on whole (<2 mm) s o i l  and repor ted  
up t o  t h i s  p o i n t ,  f o u r  composite samples were separated  according t o  t h e  
procedure used by D r .  Carl Johnson and b o t h  plutonium and cesium a n a l y s i s  
were performed on t h e  " r e s p i r a b l e  dust"  f r a c t i o n  c o l l e c t e d .  The r e s u l t s  
are presented  i n  T a b l e  IV. 
p o s s i b l e  t o  run a complete materials b a l a n c e  on t h e s e  samples, however, 
t h i s  was precluded by t h e  a v a i l a b l e  equipment and t h e  s h o r t  l ength  of 
time t h a t  v i t a l  equipment was a v a i l a b l e  on loan t o  us  which precluded 
our  modifying it. 
t h e  l i q u i d  removed from samples during t h e  i n i t i a l  d i g e s t i o n  i n d i c a t e d  
t h e  presence  o f  a trace of Cs-137 which c o u l d  n o t  b e  v a l i d l y  q u a n t i t a t e d  

It was hoped o r i g i n a l l y  t h a t  it would b e  

Gamma a n a l y s i s  performed on a composite sample,of 
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TABLE I 
PLUTONIUM AND CESIUM-137 COHCENTRATIOhS 

SN WHOLE (<2mm) SOIL - 1976 

Pu-239 (dpm/W) 

1.51  2 0.16 

2 7.77 2 0.42 

3 0.36 4 0.02 

Sector 1 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

0.27 f 0.04 

0.09 f 0.02 
0.07 f 0 02 

0 27 f 0.07 
0 20 f 0 04 

0.27 f 0 04 

0 13 f 0 02 

0.16 5 0.02 

0.16 f 0.09 

0.04 5 0.02 

0 07 2 0.02 

0.09 2 0.02 

0.02 5 0.02 B u r l  ing t on 

Crooke 

Limon 

Livermo re 

Loveland 

Penrose 

Springfield 

0.09 2 0.02 
0.07 5 0.02 
0.04 5 0.02 

0.02 f: 0.02 

-- 
0.09 5 0.04 

0.02 2 0.02 

-- Walsenburg 

Cs-137 (dpm/gm) 

7.10 5 0.43 

5.28 f 0.36 

14.2 f 0.53 
13.9 f 0.63 

10.0 f 0.52 

4.34 f 0.31 

2.68 f 0.25 

2.91 2 0.28 

4 60 2 0.31 

3.09 2 0.26 

2.04 5 0.22 

1.62 f: 0.18 

2.57 f: 0.26 

1.85 5 0.18 

1.70 + 0.20 

3.89 2 0.34 

2.79 5 0.26 

2.04 2 0.18 

1.96 fi 0.22 

3.43 0.27 

1.77 f: 0.26 

2.76 f: 0.25 

- 

-- No analysis  on these samples 
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TABLE 11 
SOIL SAMPLING - 1977 

MASS OF SAMPLES COLLECTED 

S e c t o r  1 

2 

3 

4 

5 

6 

7 

8 

I 9 
I 
I 10 

11 

1 2  a 
Burl ington 

Crooke 

Limon 

Livermo re 

Love 1 and 

Pentose  

S p r i n g f i e l d  

Walsenburg 

Wet 
(PS) 

338.1  

275 4 

306.6 

332.6 

383.1 

335.9 

247.6 

342 0 

315 3 

340 0 

393.9 

371  8 

400.1 

380.3 

348 5 

416.5 

373.7 

391.8 

416.7 

334.3 

205.3 

* 
** 

*** -- 

CDH COLLECTION METHOD 

Dry 
( gms 1 

328 3 

266.5 

300.3 

323.9 

374.0 

326.8 

240.0 

335.6 

303.9 

325 9 

369.5 

355.7 

385.8 

365.2 

325 .O 

401.9 

367.1 

379.8 

406.6 

322.8 

** 

Sfeyed 
(gms) 

278.2 

255.3 

265.1 

279.2 

275.2 

301.5 

225.9 

311  4 

275.8 

321.4 

386.6 

341.2 

341.1 

361.6 

313.0 

319.2 

322.2 

378.5 

392.3 

315.2 

158.8 

Kg/m2* 

3 7 1  

3.40 

3 53  

3.72 

3.67 

4.02 

3 01 

4 15  

3.68 

4 29 

5.15 

4.55 

4.54 

4.81 

4.17 

4.26 

4.30 

5.05 

5.23 

4.20 

2.12 

I I JOHNSON COLLECTION ?IIETHOD 

l i  3858 3 
( 1  
,I 5468.6 

4871.2 

3680.1 

3068.4 

3611.0 

6819.4 

J 3284.8 
i 

1 3259.9 

1’ 6175.0 

2873.7 

1960.2 

** 
1 335.0 

1 i 4 i 1 . 3  

,282.5 

3466.8 

1623.0 

346.5 

Based on dry weight,  less than 2 pllp diameter. 
Not determined 
See separat ion  procedure for details 
Less than 5pm X was not  determined on these samples 

D r y  
(gms) 

3735 3 

5310.6 

4768.0 

3623 .O 

3016.4 

3504.0 

6731.4 

3195.8 

3144.9 

4445 1 

5975.0 

2827.7 

1912.2 

** 
** 
** 
** 
** 
** 
** 
209.6 

Sieved 
( P S I  

3016 3 

4414.8 

3318.2 

2208.2 

2033.5 

3019 2 

5502.8 

I 

I 

I 

2399 a 
2658 9 

4042 1 

5592 .O 

2408 2 I 

1518.6 

108 7 

315.0 

2074 1 

3035 3 

2212 5 

3228.8 

1396 .O I 

I 

I 
I 

207.9 
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Sector 1 

Pu-239 ‘3-137 
(dvm/mQ (dvm/mn) 

1 42 + 0 11 
142 5 0  13 9 77 2 0 51 

‘ 0  

Pu-239 
(dum/gm) 

0 29 f 0 04 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Burlington 

Crwke 

LbOU 

Livemore 

tooelmd 

Penrose 

CDH COLLECTION XErtiOD 

Pu-239 
(dvm/m) 

2 28 5 0 51 

9 41 5 1 09 
9 32 f: 0 69 

0 20 5 0 04 
0 26 2 0 04 
0 24 2 0 04 
0 24 2 0 04 

0 20 2 0 04 
0 10 2 0 04 
0 22 2 0 04 

0 13 f 0 04 

0 60 2 0 07 
0 71 f 0 09 

0 64 2 0 09 

0 16 f 0 04 

0 09 2 0 02 
0 1 6 2 0 0 4  

0 22 2 0 04 

0 07 f 0 02 

0 0 1 + 0 0 2  
0 07 0 02 

0 07 2 0.01 

0 07 2 0 02 

0 04 2 0 02 

0 00 2 0 02 

4 02 

0 02 2 0 02 

0 04 f 0.02 

S p r i n g t i d d  0.02 5 0.02 

WdSmbum 0 04 2 0.04 

C8-137 
(dum/nml 

7 80 2 0 44 

9 40 2 0 42 
9 40 f: 0 43 

10 60 + 0 37 
10 22 0 47 

10 45 f 0 58 
11 36 2 0 53 

6 53 2 0 42 

5 96 5 0 38 

4 15 2 0 31 

7 17 f 0 39 

3 96 2 0 30 
3 5s 2 0 20 

1 96 f 0 20 

2 00 2 0 22 

2.96 2 0.25 
3 31 2 0.23 

3.53 2 0 27 
3.09 2 0 24 

3 13 f: 0.21 

3 0 9 2 0 2 b  

1 89 5 0 22 
2.11 2 0 22 
3 1 7 2 0  19 

1 51 2 0 19 

3 60 5 0 30 

1 89 5 0 20 

2 60 5 0 2b 

2 oa 2 0 22 

0 43 2 0.10 

a 7 5  2 i 18 
8 99 f 0 36 8 1 5 2 0  45 
\ 

1 75 5 0 16 5 47 5 0 33 

1 47 5 0 11 4 76 2 0 33 

-15- 

5 71 f. 0 29 

0 1 6 + 0 0 4  

0 29 2 0 07 

0 16 f 0 02 

0 49 2 0.07 
0 42 5 0 64 

07 5 0 02 
0 04 2 0 62 
0 07 2 0 02 

0 29 2 0 07 

0 13 2 0 04 

0 1 6 + 0 0 6  
0 13 f. 0.04 
0.20 2 0.02 

0.03 2 1 07 

0 07 f. 0 02 

0 11 +, 0 04 
0.31 2 6.04 

Cs-137 
(dvm/m) 

8 23 2 0 53 

I 
5 77 2 0 45 

7 93 2 0 b l  

3 47 2 0  25 

2 7 6 2 0  25 

11 6 2 0 48 

6 68 2 0 41 

3 59 2 0 36 

2 7 9 5 0 3 4  I 

5 70 2 0 41 

2 26 2 0 2b 

5 74 f 0 33 

4 76 24 

0 31 5 0 13 

2 03 +, 0 27 

1 0 s  +,a 20 I 
0 26 2 0 08 

4 30 
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DISCUSSION 

J 

Plutonium 

The procedure o f  sampling s u r f a c e  soil f o r  plutonium a n a l y s i s ,  which 
was selected several years ago by t h e  Colorado Department o f  Heal th ,  
is designed spec i f i ca l ly  f o r  t h e  purpose o f  i n d i c a t i n g  whether or not 
there i s  a p o t e n t i a l  i n h a l a t i o n  hazard from resuspended plutonium. 
Compositing o f  samples is a p p r o p r i a t e l y  used t o  estimate t h e  t o t a l  
affect on an i n d i v i d u a l  s u b j e c t e d  t o  resuspens ion  from several d i f f e r e n t  
d i r e c t i o n s  T h i s  is done wi th  t h e  f u l l  r e a l i z a t i o n  t h a t  there are 
i n d i v i d u a l  s i t e s  where t h e  c o n c e n t r a t i o n  i s  h i g h e r  than  t h e  composite 
would i n d i c a t e ,  and s i tes  where i t  is lower Sampling techniques  
which do n o t  composi te  w i l l ,  by d e f i n i t i o n ,  r e s u l t  i n  larger v a r i a b i l i t y  
i n  c o n c e n t r a t i o n s  

A second item which must b e  cons idered  i s  t h e  effect o f  c o l l e c t i n g  
d i s t u r b e d  soil. Although we have made an attempt t o  c o l l e c t  "undisturbed 
s o l l "  i n  our s u r v e i l l a n c e  of t h e  Rocky F l a t s  area, t h i s  has been done 
o n l y  t o  avoid t h e  p o s s i b i l i t y  o f  underest imat ing p o t e n t i a l  hazards ,  
and is not  s t r i c t l y  v a l i d  from t h e  s tandpoint  o f  determining a c t u a l  
h e a l t h  impacts 
extremely d i f f i c u l t  (and becoming more so every year) t o  l o c a t e  s o i l  
which is t r u l y  undisturbed 
(which i s  t h e  background a g a i n s t  which  Rocky Flats contaminat ion must 
b e  compared) was d e p o s i t e d  p r i m a r i l y  i n  t h e  la te  SO'S and early ~O'S, 
t h e  problem is t o  f i n d  s o i l  which has n o t  been d i s t u r b e d  i n  15-20 
years 
plowing, road c o n s t r u c t i o n ,  f e n c e  maintenance and o t h e r  act ivit ies  o f  
man w i l l  affect t h e  s u r f a c e  s o i l  composi t ion,  i n  most cases lowering 
t h e  c o n c e n t r a t i o n  o f  d e p o s i t e d  contaminants.  It should b e  noted t h a t  
S e c t o r s  1-4 c o n s i s t  p r i m a r i l y  o f  land c u r r e n t l y  under t h e  j u r i s d i c t i o n  
o f  ERDA and undis turbed  (except f o r  graz ing  animals)  by  man s i n c e  t h e  
p l a n t  was c o n s t r u c t e d .  I n  t h e  o u t l y i n g  s e c t o r s  and remote s i tes ,  no 
h i s t o r y  o f  t h e  soil i s  a v a i l a b l e .  Examination o f  t h e  plutonium data 
c o l l e c t e d  s i n c e  1 9 7 0  ( T a b l e  V) shows t h a t  t h e r e  has  been a s i g n i f i c a n t  
d e c r e a s e  i n  s u r f a c e  s o i l  c o n c e n t r a t i o n s  in remote s i te  samples.  While 
a p a r t  o f  t h i s  d e c r e a s e  is c e r t a i n l y  due t o  t h e  downward movement 
o f  t h e  plutonium ( t o  a depth below 0.3 cm) as a r e s u l t  o f  d i f f u s i o n  
o r  burying by s o i l  movement, it  i s  b e l i e v e d  t h a t  a s i g n i f i c a n t  p a r t  i s  
due t o  t h e  d i f f i c u l t y  i n  l o c a t i n g  t r u l y  undisturbed s o i l  sampling sites.  

I n  areas which are remote from Rocky F l a t s ,  i t  is 

If one remembers t h a t  t h e  f a l l o u t  plutonium 

Natura l  e v e n t s  i n c l u d i n g  wind and water e r o s i o n  as well as 

R e s u l t s  of a n a l y s e s  from S e c t o r s  1-13 i n d i c a t e  v a l u e s  which are g e n e r a l l y  
similar i n  1977  t o  o t h e r  y e a r s .  
t i o n s  i n  S e c t o r  2 from 1971-1975 appears t o  have l e v e l e d  o f f ,  a l though 
t h e  s i g n i f i c a n c e  o f  t h i s  is unclear .  
fact t h a t ,  t h i s  s e c t o r ,  more than  any o t h e r ,  w i l l  b e  a f f e c t e d  by composit ing 

The r a p i d  drop i n  plutonium concentra-  

I n t e r p r e t a t i o n  i s  complicated by t h e  

-17- 
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re la t ive ly  high c o n c e n t r a t i o n  i n d i v i d u a l  samples from t h e  northern 
p o r t i o n  w i t h  low c o n c e n t r a t i o n  samples from the  s o u t h ,  t h e r e f o r e ,  
i n d i v i d u a l  sampling s i tes  are c r i t i ca l  
t h e  extremely low v a l u e s  i n  S e c t o r  6 (1973 and 1975)  as there i s  a 
narrow band o f  re la t ive ly  high c o n c e n t r a t i o n  s o i l  on t h e  extreme 
southern edge o f  t h i s  s e c t o r  t h a t  could easily have been missed i n  
some years 

This may a l s o  help e x p l a i n  

Direct comparisons (such as r a t i o s )  between plutonium c o n c e n t r a t i o n s  
i n  remote sites and s e c t o r  samples are n o t  considered v a l i d  due t o  
t h e  s i z e  of t h e  e r r o r  terms (refer t o  T a b l e s  I and 111) o f  t h e  a n a l y s e s  
as well as problems i n  o b t a i n i n g  t r u l y  comparable "undisturbed" s o i l  
samples. 

Examination o f  t h e  r e s u l t s  o f  replicate a n a l y s e s  i n d i c a t e  g e n e r a l l y  
e x c e l l e n t  a n a l y t i c a l  r e p r o d u c i b i l i t y .  
by d i f f e r e n t  sampling techniques  reveal o n l y  f a i r  t o  good agreement. 
It is  obvious from a l l  t h e  d a t a  a v a i l a b l e  t h a t  sampling ( techniques ,  
l o c a t i o n s ,  composi t ing,  etc ) are t h e  greatest source  o f  v a r i a b i l i t y  
i n  soil a n a l y s i s  and w i l l  r e q u i r e  a d d i t i o n a l  ref inements  i n  t h e  f u t u r e .  

Comparisons o f  r e s u l t s  obta ined  

Cesium 

I n  o r d e r  t o  provide  an a c c u r a t e  i n t e r p r e t a t i o n  o f  any environmental 
monitor ing program and t o  avoid m i s i n t e r p r e t a t i o n ,  i t  i s  e s s e n t i a l  
t o  examine t h e  a n a l y s i s  process  from i ts  i n c e p t i o n  a t  sampling through 
t o  t h e  c a l c u l a t i o n  o f  t h e  r e s u l t s .  T h i s  i s  e s p e c i a l l y  important i n  t h e  
c u r r e n t  s tudy s i n c e  t h e  samples analyzed were c o l l e c t e d  for one purpose 
(i e. determinat ion  o f  a p o t e n t i a l  i n h a l a t i o n  hazard from plutonium) 
and are be ing  examined f o r  another  (i e Did Rocky Flats release any 
Cs-137 t o  t h e  environment'). Consider i n i t i a l l y  t h e  d i f f e r e n c e s  between 
plutonium and cesium i n  the  environment - 
Plutonium (whether produced i n  a n u c l e a r  detonat ion  o r  released from 
Rocky F l a t s )  exists i n  t h e  environment predominantly i n  i t s  o x i d e  
form (PuO2) 
a r e s u l t ,  i t s  movement i n  t h e  environment i s  governed primarily by 
p h y s i c a l  p r o c e s s e s  P r i n c i p a l  among t h e s e  are h o r i z o n t a l  d i s p e r s i o n  
by t h e  wind and vertical migrat ion  i n t o  t h e  s o i l  by d i f f u s i o n .  Both 
o f  t h e s e  w i l l  b e  a f f e c t e d  t o  a l a r g e  e x t e n t  by t h e  moisture  c o n t e n t  of  
t h e  soil but n o t  much by t h e  soil type o r  o t h e r  c o n s t i t u e n t s  p r e s e n t  
in t h e  soil. 

This matter has  a very low s o l u b i l i t y  i n  water and as 

Cesium on t h e  o t h e r  hand is a n  element which exists i n  the environment 
predominantly i n  i o n i c  form (similar t o  sodium, potassium and calcium) 
and as a r e s u l t  i t s  movement through t h e  environment w i l l  be  governed 
primarily by chemica l  p r o c e s s e s  
f u n c t i o n  o f ,  n o t  only  moisture  c o n t e n t ,  but  a l s o ,  s o i l  type, pH, and 
i o n i c  ba lance .  

As a r e s u l t ,  i t s  m o b i l i t y  i s  a complex 

, 
- 19- 



E x c e l l e n t  rev iews  o f  t h i s  s i t u a t i o n  are a v a i l a b l e  (ref. J.W. S tannard,  
"Plutonium i n  t h e  Environment",  i n  Uranium, Plutonium,  Transplutonic  
Elements ,  H C.  Hodge, e t .  a1 , ed. ,  1973)  Even though t h e r e  may b e  a 
c o n s t a n t  r a t i o  between t h e s e  two materials i n  t h e  f a l l o u t  from n u c l e a r  
t e s t i n g ,  t h i s  does  n o t  n e c e s s a r i l y  mean t h a t  a n  environmental  sample 
bhich  c o n t a i n s  o n l y  a p o r t i o n  o f  t h e  d e p o s i t e d  material (such as s u r f a c e  
s o i l  or " r e s p i r a b l e  dust")  w i l l  c o n t a i n  t h e  same r a t i o  There i s ,  
however, ev idence  t h a t  t h e  depth p r o f i l e s  f o r  Pu and Cs-137 ar. similar 
(Hardy, HASL 3 0 6 ,  1976)  and s i n c e  t h e  r a t i o s  o f  f a l l o u t  products ,  i n  
s u r f a c e  s o i l  have been used s u c c e s s f u l l y  in t h e  p a s t  t o  i d e n t i f y  plutonium 
contaminat ion a t  Rocky Flats (ref P o e t  and Martell, Heal th  P h y s i c s ,  
Vol 2 3 ,  pp 537-548,  1972)  t h e y  are p r e s e n t e d  i n  T a b l e  V I .  

The d a t a  i n  t h i s  t a b l e  was obta ined  from T a b l e  I11 ( a d j u s t i n g  f o r  t h e  
soil d e n s i t y  and c o n v e r t i n g  u n i t s )  but i s  p r e s e n t e d  as areal d i s t r i b u t i o n s  
t o  a l l o w  comparisons w i t h  o t h e r  sampling methods. The range o f  Cs/Pu 
r a t i o s  i n  samples from remote s i tes  ( o m i t t i n g  t h e  q u e s t i o n a b l e  sample 
from Walsenburg) i s  45-98 wi th  an  average o f  68 .5 .  T h i s  v a l u e  a g r e e s  
extremely well w i t h  publ ished v a l u e s  (ref Hardy, i b i d ,  1976 - r a t i o  
62 5) ,  e s p e c i a l l y  c o n s i d e r i n g  t h e  s i z e  o f  t h e  e r r o r  terms a s s o c i a t e d  
wi th  t h e  plutonium determinat ions  R a t i o s  f o r  samples c o l l e c t e d  i n  
t h e  t h i r t e e n  s e c t o r s  show v a l u e s  which are u n i v e r s a l l y  lower than t h i s .  
S e c t o r s  3 ,  4, 5 ,  8, 1 2  and 1 3 ,  which l i e  west and n o r t h  o f  t h e  p l a n t  
s i t e  a l l  f a l l  i n  t h e  low end o f  t h e  range o f  background va lues .  S e c t o r s  
1,  2 ,  6 ,  7 ,  9 ,  10 and 11 which a l l  l i e  s o u t h  and east o f  t h e  p l a n t ,  
and are known t o  c o n t a i n  areas o f  plutonium contaminat ion ,  d i s p l a y  
Cs/Pu r a t i o s  smaller than  t h e  backgrounds - exactly as would b e  expected.  

Another method o f  e v a l u a t i n g  t h e  d a t a  i s  t o  compare t h e  areal d i s t r i b u t i o n  
o f  Cs-137 w i t h  publ i shed  v a l u e s  Some of t h e s e  v a l u e s  are as f o l l o w s  

Range o f  v a l u e s  
Comments Source 

49 - 1 4 7  Sampled t o  10 cm depth  i n  R i t c h i e  & McHenry 
a g r i c u l t u r a l  watersheds.  (Health P h y s i c s ,  Vol  

3 2 ,  Feb.  1977 

1 5 . 3  - 244 Depth samples on Great Miller & Michels  (HPR 
P l a n s  317390-105, Rocky Flats 

Repor t ,  1973)  

13.7 - 144 Depth Samples CSU, "Environmental Rad- 
i a t i o n  S u r v e i l l a n c e  Pro- 
gram - Ft .  S t .  V r a i n  - 
Summary Repor t ,  T h i r d  and 
Fourth  Quarters  1976" 
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Sector 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 9  
LL 

13 

Burlington 

Crooke 

Limon 

Livermo 1: e 

Loveland 

P enro s e 

Springfield 

Walsenburg 

TABLE VI 
ROCKY FLATS PLANT SURVEILLANCE - 1977 

AREAL DISTRIBUTION OF Pu-239 and Cs-137 (nCi/m2) 

PU-239 CS-137 
(CS/PU> 

(Activity R a t i o )  

3 81 13.0 3.4 

14 3 14 4 1.0 

0.35 16.5 47 

0 33 18.2 55 

0 21 

1 20 

10.8 

10.8 

51 

9 0  

0 87 5 6  6 4  

0 30 13.4 45 

0 22 6 2  28 

0.42 3.8 9 0  

0.16 4 7  30 

0 12 6.4 53 

0.14 6.7 48 

0.15 6.8 45 

0.08 5.8 73 

0.08 3.8 48 

eo. 04 6 4  -- 
0.05 3.9 78 

0.09 6.2 69 

0.04 3.9 98 

0.04 0.4 * 
Remote Locations: Average 68.5 

Range 45 - 98 
* This value has been omitted due to large uncertainties 
associated with both results and the original questions 
about the validity of the sample. 
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In t h i s  c a s e ,  t h e  v a l u e s  determined from t h e  p r e s e n t  s tudy are a l l  lower 
than  publ ished v a l u e s .  
t h e  fact t h a t  t h e  sampling technique  only c o l l e c t s  s u r f a c e  soil and much 
o f  t h e  cesium (and p l u t o n i q )  i s  known t o  have m i g r a t e d  t o  a d e p t h  
below 0 3 cm 

T h i s  is  an obvious and expected r e s u l t  cons ider ing  

X t h i r d  way t o  e v a l u a t e  t h e  d a t a  is t o  compare t h e  r e s u l t s  from background 
samples t o  t h e  r e s u l t s  f o r  s e c t o r s  near  t h e  p l a n t  A s  mentioned i n  t h e  
plutonium review, t h e  remote s i t e  samples c o n t a i n  s o i l  on which no 
h i s t o r y  i s  a v a i l a b l e  and some o f  t h e  i n d i v i d u a l  samples are undoubtedly 
n o t  r e p r e s e n t a t i v e  o f  f a l l o u t  products  i n  undisturbed s o i l .  While r e s u l t s  
o f  t h o s e  samples may b e  v a l i d  f o r  determining relative a i r b o r n e  hazards 
from resuspended plutonium, they are n o t  v a l i d  f o r  determining amounts 
of  any p o l l u t a n t s  o r i g i n a l l y  depos i ted  on t h e  s u r f a c e  o f  t h e  s o i l '  The 
h i g h e s t  levels o f  cesium-137 found were i n  S e c t o r s  3 and 4 t o  t h e  west 
(upwind s i d e )  o f  t h e  p l a n t  s i te .  

The c o n c l u s i o n  which l o g i c a l l y  f o l l o w s  from these r e s u l t s  i s  that  

1 All o f  t h e  r e s u l t s  are c o n s i s t a n t  w i t h  world-wide f a l l o u t  being 
the p r i m a r y ,  if not, the s o l e  source  o f  t h e  d e t e c t e d  Cs-137 

2 If any o f  t h e  r a d i o a c t i v e  cesium i n  t h e  soil d i d  o r i g i n a t e  w i t h  
i n d u s t r i a l  o p e r a t i o n s  o r  a c c i d e n t s  a t  t h e  p l a n t ,  i t s  c o n t r i b u t i o n  
is i n s i g n i f i c a n t  

3 F u r t h e r  i n v e s t i g a t i o n  o f  t h i s  matter would r e q u i r e  e x t e n s i v e  
inventory  (not  s u r f a c e )  sampling far beyond t h e  scope  o f  t h e  
p r e s e n t  s tudy and is n o t  warranted based on t h e  r e s u l t s  obta ined  

Other  I n v e s t i g a t i o n s  

The f i n a l  items f o r  d i s c u s s i o n  are t h e  r e s u l t s  repor ted  by R J Murri  
(Rocky Flats) and D r  Carl Johnson ( J e f f e r s o n  County Health Department) 

MURRI - 
The r e p o r t  by Murri  ("Gamma A n a l y s i s  o f  Plutonium Contaminated Soil a t  
Rocky F l a t s , "  ES-376-77-197, January 10 ,  1977)  inc luded t h e  r e s u l t s  
o f  twelve samples, c o l l e c t e d  by  t h e  sampling procedures  o f  t h e  Colorado 
Department o f  Heal th .  They are r e p o r t e d  i n  dpm/gm and are d i r e c t l y  
comparable t o  samples r e p o r t e d  in T a b l e  111 o f  t h i s  r e p o r t .  
v a l u e s  (1 83 - 16.47 dpm/gm, average 8 28 dpm/gm) are n o t  i n c o n s i s t e n t  
w i t h  t h e  range o f  v a l u e s  p r e s e n t e d  in t h i s  r e p o r t  (1 .96 - 1 1 . 3 6  dpm/gm) 
w i t h  t h e  effects of composi t ing are considered.  

The range o f  

DR. JOHNSON 

The r e s u l t s  presented  by D r .  Carl Johnson t o  t h e  J e f f e r s o n  County Board 
of Heal th ,  March 3 1 ,  1 9 7 7 ,  were based on samples c o l l e c t e d  by t h e  sweep- 
i n g  technique  and separated  t o  y i e l d  a " r e s p i r a b l e  dust"  f r a c t i o n .  

T a b l e  111 presented  t h e  r e s u l t s  o f  plutonium and cesium-137 a n a l y s e s  
performed on whole ( ~ Z n n n )  soil c o l l e c t e d  by t h i s  t e c h n i q u e ,  as well 
as t h e  r o u t i n e  CDH method. 
l i t t l e ,  i f  any ,  d i f f e r e n c e  between t h e  techniques .  The mathematical 
average f o r  t h e  1 3  s e c t o r  samples are as f o l l o w s *  

Comparison o f  t h e  Cs-137 r e s u l t s  i n d i c a t e s  
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Johnson 6.28 dpm/gm 
CDH 5 88 dpm/gm 

D i f f e r e n c e s  i n  t h e  plutonium r e s u l t s  are n o s t  dramatic i n  s e c t o r s  1, 2 
6 ,  and 7 which c o n t a i n  sharp c o n c e n t r a t i o n s  g r a d i e n t s  and are,  t h e r e f o r e ,  
b e l i e v e d  t o  b e  t h e  r e s u l t s  o f  i n d i v i d u a l  sample s i t e  s e l e c t i o n  I n  
o t h e r  s e c t o r s ,  where t h e  plutonium d i s t r i b u t i o n  i s  known t o  b e  more 
uniform t h e  plutonium r e s u l t s  are e s s e n t i a l l y  i d e n t i c a l  

Fol lowing c o l l e c t i o n ,  t h e  samples were s u b j e c t e d  t o  t h e  particle s i z i n g  
procedure  d e s c r i b e d  i n  Appendix I1 of t h i s  r e p o r t  Appl ica t ion  o f  t h i s  
procedure  t o  t h e  e v a l u a t i o n  o f  environmental  plutonium as performed 
by Johnson, T i d b a l l  and Severson ( S c i e n c e ,  Vol. 1 9 3 ,  pp 488-490) 
i s  a unique and exper imenta l  procedure which has  n o t  been widely  accepted  
by t h e  s c i e n t i f i c  community. While it i s  n o t  t h e  i n t e n t  o f  t h i s  r e p o r t  
t o  review a l l  o f  t h e  criticisms which have been l e v e l e d  a t  t h e  procedure ,  
t h e r e  are a c o u p l e  o f  items which must b e  d i s c u s s e d  i n  order  t o  determine 
whether o r  n o t  D r  Johnson h a s ,  i n  fact ,  l o c a t e d  samples wi th  e l e v a t e d  
levels  o f  cesium-137 

T h i s  s o i l  s e p a r a t i o n  procedure i s  a v i t a l  s t e p  i n  a n a l y s i s  p r o c e s s  and,  
as s u c h ,  must b e  s u b j e c t e d  t o  t h e  same t e s t i n g  and review as t h e  o t h e r  
a n a l y t i c a l  procedures  T h i s  i n c l u d e s ,  a t  least ,  tests  o f  i t s  repro-  
d u c i b i l i t y  and a materials b a l a n c e  t o  determine  t h e  u l t i m a t e  fa te  o f  t h e  
materials o f  i n t e r e s t  through t h e  procedure.  Although D r .  Johnson has  
s e n t  h i s  f i n a l  product t o  numerous l a b o r a t o r i e s  f o r  a n a l y s i s ,  t h e r e  i s  
no i n d i c a t i o n  t h a t  r e p l i c a t e  s e p a r a t i o n s  have been performed on any 
samples. The materials b a l a n c e  i s  n e c e s s a r y  i n  o r d e r  t o  shed some 
l i g h t  on e x a c t l y  what i s  happening through t h e  procedure t o  y i e l d  t h e  
l a r g e  c o n c e n t r a t i o n s  repor ted  and whether o r  n o t  t h i s  effect  i s  t r u l y  
r e p r e s e n t a t i v e  o f  p o t e n t i a l  environmental  occurrances .  
tests are performed, t h e  r e s u l t s  o b t a i n e d  by t h e  u s e  o f  t h e s e  procedures  
can  n o t  b e  v a l i d l y  i n t e r p r e t e d  and t h e r e f o r e ,  s p e c u l a t i o n  and criticism 
will c o n t i n u e  

U n t i l  t h e s e  

It had been hoped t h a t  a materials b a l a n c e  e v a l u a t i o n  o f  t h e  s e p a r a t i o n  
procedure  could  b e  performed as p a r t  o f  t h i s  review. A s  expla ined  
p r e v i o u s l y ,  however, v i t a l  equipment on l o a n  f o r  our  u s e  had t o  b e  
r e t u r n e d  b e f o r e  t h i s  could  b e  accomplished.  
t o  s p e c u l a t e  on only t h e  f o u r  samples p r e s e n t e d  i n  T a b l e  IV 

As a r e s u l t ,  we are l e f t  

As can b e  seen i n  t h i s  T a b l e ,  t h e r e  i s  an obvious  increase i n  b o t h  t h e  
plutonium a d  cesium c o n c e n t r a t i o n s  i n  a l l  f o u r  samples.  
a l l  unexpected f o r  t h e  fo l lowing  r e a s o n s .  
known t o  exist in small, f i n e l y  d iv ided  p a r t i c l e s  which are a s s o c i a t e d  
t o  some degree  w i t h  l a r g e r  s o i l  a g g r e g a t e s .  The s e p a r a t i o n  procedure  
i s  ext remely  h a r s h  and i n t e n t i o n a l l y  d e s t r o y s  s o i l  aggregates  t o  release 
t h e  plutonium. C o l l e c t i o n  o f  t h e  small p a r t i c l e s  then would tend t o  
c o n c e n t r a t e  t h e  plutonium. 

T h i s  is  n o t  a t  
Plutonium i n  t h e  environment i s  
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Cesium-137, as was mentioned earl ier ,  exists i n  t h e  environment i n  
i o n i c  form It i s  well known, however, t h a t  cesium binds t i g h t l y  t o  
ion exchange s i tes  on t h e  d a y  in soils 
technique used by D r .  Johnson, e t  a 1  , was o r i g i n a l l y  designed f o r  t h e  
s p e c i f i c  purpose o f  c h a r a c t e r i z i n g  t h e  clay c o n t e n t  o f  soils and t h e  
clays are t h e  smallest f r a c t i o n  i t  fol lows d i r e c t l y  t h a t  much, if not  
a l l  o f  t h e  cesium-137 is c o l l e c t e d  in t h e  " r e s p i r a b l e  f r a c t i o n "  

S i n c e  t h e  particle  s i z i n g  

S i n c e  t h e  r a t i o  of  cesium t o  plutonium is a l s o  apparent ly  a l t e r e d  by 
t h e  s e p a r a t i o n  procedure ,  it leaves at  least q u e s t i o n a b l e ,  if not  i n v a l i d ,  
any s ta tements  about  c o n c e n t r a t i o n s  o r  r a t i o s  o f  t h e s e  materials in 
t h e  environment. 
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CONCLUSIONS 

1 Yo significant changes in the levels o r  distribution of plutonium 
in the surface soil around Rocky Flats have occurred in the last 
three years 

2 While it is not possible to state conclusively that there has never 
been environmental contamination by Cs-137 due to industrial 
operations or accidents at the Rocky Flats Plant, there is nothing 
available from this investigation or any other evidence of which 
we are aware to conclude that there has been. It is clear that 
a cesium-137 release, if such did occur, did not contribute sig- 
nificantly to the levels existing as a result of cummulative world- 
wide fallout 

3 The soil sampling procedure of Dr Carl Johnson, which consists 
of sweeping the surface of the soil, does not provide a sample 
which is significantly different from the method currently used 
by the Colorado Department of Health 

4 The s o i l  separation procedure.of Dr Carl Johnson, et a1 , alters 
the plutonium and cesium concentrations in the s o i l  and the ratio 
of the two' This procedure has not been evaluated, either by its 
originators, the current study, or any other of which we are aware, 
to allow the interpretation of its results, comparison to other 
analytical techniques, o r  its use in evaluating health impacts 
due to environmental pollutants 

5 The State Health Department also cautioned that surface soil 
sampling techniques should be used only to indicate the presence 
of a potential inhalation hazard from resuspended pollutants 
(This may still be most closely related to health effects of 
these materials). The method cannot be used as a determination 
of the total inventory of the pollutants. 
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.APPENDIX I 

Sample C o l l e c t i o n  - Plutonium-in-so i l .  
b 

S o i l  s a n p l e s  are c o l l e c t e d  a n n u a l l y  ( u s u a l l y  i n  A p r i l  or Vay) from an 

S e e  F i g u r e  1 I n d i v  
area, surrounding t h e  Rocky F l a t s  P l a n t ,  t h a t  is enc losed  w i t h i n  a c i r c l e  
7 miles i n  r a d i u s  from t h e  c e n t e r  o f  t h e  p l a n t  s i t e  
dual  samples are c o l l e c t e d  from t h e  s u r f a c e  s o i l s  with  t h e  a c t u a l  sample 
c o l l e c t i o n  s i t e  s e l e c t e d  on  t h e  b a s i s  t h a t  t h e  soil appears  t o  b e  undisturbed 
(by anything  o t h e r  than  n a t u r a l  c a u s e s ) .  
domly (but convenient  as far  as t r a n s p o r t a t i o n  t o  t h e  l o c a t i o n  is concerned) 
w i t h i n  a s e c t o r .  The i n d i v i d u a l  samples are c o l l e c t e d  us ing  a l o c a l l y  manu- 
f a c t u r e d  s o i l  sampling d e v i c e  o r  o t h e r  scoop-typed device .  
sarrples are p l a c e d  i n  a c o n t a i n e r  w i t h  t h e  o t h e r  samples from t h e  s e c t o r .  
Twenty-f ive samples are c o l l e c t e d  i n t o  a composi te  sample from e a c h  s e c t o r .  
The composi te  sample i s  d r i e d  and s i e v e d  through a 10 mesh s c r e e n .  
remaining material i s  t h e n  c o n e d  and q u a r t e r e d  t o  about  a 30 gram f r a c t i o n  
T h i s  30 gram f r a c t i o n  is t h e n  f i n e l y  ground and mixed i n  a m o r t a r  and pestle  
A 2 gram f r a c t i o n  o f  t h i s  p o r t i o n  o f  t h e  sample i s  then  d i g e s t e d  f o r  plutonium 
a n a l y s i s  

The g e n e r a l  area is s s l e c t e d  ran- 

The i n d i v i d u a l  

The 

Note I n  u s i n g  t h e  sampl ing  d e v i c e ,  o n l y  t h e  top 1/8 i n c h  o f  soil 
i s  c o l l e c t e d .  The a n g l e  of  t h e  scoop i s  a d j u s t e d  t o  accom- 
p l i s h  t h i s  depth.  

Soil Sampling Device, 
Crit ical  dimensions.  

iW/bw 
1/19/76 

R e v i s e d  6/1/76 



APPENDIX 11 

a SOIL SEPARATION PROCEDURE ' 
The fo l lowing  procedure was used t o  o b t a i n  a "less than 5pm" soil 
f r a c t i o n  f o r  a n a l y s i s  It i s  condensed from t h e  l a b  notebook used 
by t h e  J e f f e r s o n  County Heal th  Department but  maintains  a l l  o f  t h e  
e s s e n t i a l  items used by them in t h e i r  s e p a r a t i o n s  

1. 

2 .  

3 

4. 

5 .  

6. 

D i g e s t i o n .  
h e a t i n g  i n  30% hydrogen peroxide u n t i l  no a d d i t i o n a l  foaming 
i s  noted Alcohol  i s  added o c c a s i o n a l l y  t o  avoid b o i l  over .  
D i g e s t i o n  t a k e s  1-2 working days wi th  f requent  addi t ion  of 
peroxide.  (The use  o f  a steam b a t h  has  been determined t o  
b e  t o o  slow and has  been r e p l a c e d  by a "hot" plate wi th  t h e  
samples removed b e f o r e  they  boil over)  

Approximately 80 gm o f  <2mm s o i l  is d i g e s t e d  by 

Dehydration Deionized water i s  added t o  t h e  sample t o  b r i n g  
t h e  volume t o  approximately 400 m l s .  F i n e  p o r o s i t y  f i l t e r  
c y l i n d e r s ,  a t t a c h e d  t o  a vacuum l i n e ,  are used f o r  removal 
o f  t h e  l i q u i d  and any d i s s o l v e d  o r g a n i c  o r  inorganic  materials. 
P e r i o d i c a l l y ,  t h e  candles  are c l e a n e d  by backf lushing w i t h  air .  

D i s p e r s i c n  
phate  s o l u t i o n  i s  added t o  t h e  dehydrated sample The s o l u t i o n  
i s  then  s u b j e c t e d  t o  a 5 minute t rea tment  wi th  a 300 W u l t r a -  
s o n i c  probe.  

Approximately 25 ml of a 50 gm/l sodium metaphos- 

Sedimentation:  The e n t i r e  sample i s  then  t r a n s f e r r e d  t o  a 
1 l i t e r  sedimentat ion vessel w i t h  de ionized  water t o  a volume 
of 1 l i t e r ,  shaken several times t o  suspend a l l  p a r t i c l e s ,  
and then  al lowed t o  set t le  A s e t t l i n g  t ime f o r  a 20 cm 
depth i s  chosen according t o  S t o k e s  Law f o r  5 micron particles 
w i t h  a d e n s i t y  o f  11 46 gm/cm3, and a l l  l i q u i d  and suspended 
s o l i d s  c o l l e c t e d  wi th  a s u c t i o n  tube  t o  t h a t  depth. The re- 
maining s o l u t i o n  i n  t h e  c y l i n d e r  i s  brought a g a i n  t o  1 l i t e r  
w i t h  de ionized  water and t h e  s e t t l i n g  repeated.  
mentat ions  on each sample are composited f o r  a n a l y s i s .  

Five s e d i -  

Dehydration: F i l te r  c y l i n d e r s  are a g a i n  used t o  remove a 
m a j o r i t y  o f  t h e  water. The remaining water is removed by 
f reeze-drying under vacuum ( l y o p h i l i z a t i o n )  l eav ing  a f l u f f y ,  
powder l i k e  material o f  low d e n s i t y  f o r  a n a l y s i s .  

Determinat ion of 5 5 urn p e r c e n t .  
same <2 mm s o i l  i s  taken (about 20 gms) and d i g e s t e d  w i t h  
perox ide  as above. 
material and i n o r g a n i c  salts i s  removed wi th  f i l t e r  candles .  
The soil i s  then  t r a n s f e r r e d  t o  a t a r e d  beaker ,  oven d r i e d  

A second f r a c t i o n  of t h e  

E x c e s s  water w i t h  d i s s o l v e d  organic  
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and carefully weighed to determine whole soil mass. 
amount of sodium metaphosphate solution and water is  added, 
allowed to set oveinight and then dispersed for 5 minutes 
with the ultrasonic probe as above The sample i s  transferred 
to a 1 liter sedimentation column, shaken and allowed to 
settle f o r  a period of tine, determined by Stok s Law, such 

depth of 10 cm. 
or' 10 cm and exactly 25 ml (1/40 of the total) i s  withdrawn, 
transferred to a tared collection vessle, oven dried and 
weighed to determine the less than 5 micron fraction. 

A precise 

that a 5 micron particle of density 11.46 gm/cm 4 reaches a 
A pipet i s  lowered into the column to a depth 



I- - _ _  - - -  
P r e p a r a t i o n  o f  Soil, Hi-Vol A i r  F i l t e r s ,  

and Vater for Plutonium AnalysLs  

1) Preparat ion  o f  S o i l  Samples.  

Weigh sample. 0 v e r ) d r y  e n t i r e  sample a t  103OC o v e r n i g h t .  Weigh 
d r y  sample. Record wet and dry weights  o f  sample. 

S c r e e n  sample through 10 mesh standard s c r e e n .  

Grind t h e  f r a c t i o n  o f  s o i l  which w i l l  n o t  pass s c r e e n  t o  break  up 
any lumps o f  c lay o r  a g g r e g a t e s ,  
sc reen .  

Grind small enough t o  p a s s  through 

Discard any p e b b l e s  o r  s t i c k s  too  l a r g e  t o  p a s s  through screen .  
Weigh t h e  f r a c t i o n  o f  the  sample t h a t  passed through the  s c r e e n ;  
record  we i g h t  . 
S p l i t  sample by  coning  and q u a r t e r i n g  enough times t o  o b t a i n  a 
1 5 - 2 5  gm sample. 

Take 15 -25  gm sample t o  counting f a c i l i t y  t o  b e  ground. 

Weigh 2 gm o f  t h e  ground sample i n t o  a p la t inum c r u c i b l e .  
f i f t h  sample ,  do a d u p l i c a t e  IJeigh the  sample t o  t h e  n e a r e s t  
0.1 mg. 

Every 

I g n i t e  t h e  sample i n  t h e  muff le  f u r n a c e  set  a t  55OoC f o r  1 h r .  
1 5  min. Remove and c o o l .  

T r a n s f e r  saylie  from c r u c i b l e  t o  t e f l o n  b e a k e r  c o n t a i n i n g  standard 
alLquot  o f  Pu. R i n s e  c r u c i b l e  w i t h  water and add r i n s e  t o  beaker .  

2 )  P r e p a r a t i o n  o f  Hi-Vol a i r  f i l t e rs .  

a) Sample i s  r e c e i v e d  from count ing  f a c i l i t y  i n  small envelope c o n t a i n i n g  
h l i n .  s q u a r e s  o f  f i l t e r .  

b) T r a n s f e r  e n t i r e  sample t o  plat inum c r u c i b l e ,  u s i n g  f o r c e p s .  Tap any 
dust  i n  e n v e l o p e  i n t o  c r u c i b l e  as well. Save  envelope.  

c) I g n i t e  i n  m u f f l e  f u r n a c e  a t  55OoC f o r  1 h r .  15 min. Remove and 
c o o l .  

d) Tr8nsfer  sam le from c r u c i b l e  t o  t e f l o n  b e a k e r  c o n t a i n i n g  s tandard 
a l t q u o t  of 2 h u .  R i n s e  c r u c i b l e  w i t h  water and add r i n s e  t o  beaker .  

3) P r e p a r a t i o n  o f  water samples.  

a) For  compos i te  samples ,  see s e p a r a t e  procedure .  

b) For  s i n g l e  water samples ,  shake sample well .  Measure o u t  1 L o r  
less ,  if sample is not l a r g e  enough t o  u s e  1 L ,  u s i n g  a graduated 
c y l i n d e r .  Record  volume i f  not  1 L. 
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c) Pour  sample i n t o  1500 ml beaker. Label w i t h  sample number and 
vo 1 ume . 
Add standard a l i q * @ t  o f  236Pu tracer  t o  sample. 
30% H202 to sample to e f f e c t  isotopic exchange. 

d )  Add a few ml o f  

e) Evaporate o n  hot plate  a t  low heat to near dryness. 

f) Transfer concentrated sample to a 250 ml tef lon beaker using 
6M HCL and 30% H202 to Loosen the residue and r inse  t h e  beaker. 
Police o f f  the sides and bottom of the beaker, r inse  thoroughly 
w i t h  6% HC1. Add a l l  r inses  to te f lon  beaker. 

4) Dissolution o f  sample solids.  

a) Add 2 spatulafuls o f  purified s i l i c a  sand to each te f lon  beaker. 
If there i s  50-100 ml or more o f  l i q u i d  i n  beaker, evaporate to 
dryness. 

b )  Add 10 ml o f  conc HN03 and 10 r n l  of 47% HF t o  each beaker. 
rubber gloves t o  prevent contact w i t h  HF fumes. S w i r l  t o  mix 
contents of  beaker. Evaporate to dryness, slowly enough to prevent 
spattering. 

Wear 

c) Repeat step b)  three times. Be sure residue i s  thoroughly dry 
a f t e r  each step of digestion. 

d )  Add 6M HCL to residue i n  beaker to wet residue well (10-20 m l ) .  
Wash zown sides o f  beaker when adding HCL. Evaporate to dryness. 

e)  Repeat step d )  twice. 

f) Add 20-30 ml 6M HC1 to residue i n  beaker, washing down the sides. 
Add 1 r n l  30% HYOz. 
t o  a b o i l  to dissolve residue. Remove from heat and cool .  There 
should be no residual H202 remaining. 

Cover beaker with watch glass and b r i n g  l i q u i d  

g)  Transfer sample quantitat ively to  150 m l  glass beaker using 6PJ HCL. 
Try to use no more H C l  than  to give a to ta l  volume o f  50  ml. 
b e  necessary to b o i l  the rfnse H C l  i n  the beaker w i t h  a l i t t l e  H202 
t o  dissolve the l a s t  traces of insoluble residue. There w i l l  be  
residual s i l ica sand. 

It may 

h) If ion exchange separation i s  not to  take place within 24 hours, 
cover beaker r ight ly  with patafilm for storage. 



Ion Evchange S e p a r a t i o n  o f  Plutonium 
 ALL-^ 

1) P r e p a r a t i o n  o f  i o n  exchange r e s i n .  

a) Empty a one-pound b o t t l e  of Bio-Rad AGL-X2 (50-100 mesh, Chloride 
form) ion  e x c h a n g a p e s i n  i n t o  a 1500 m l  beaker.  

b )  S l u r r y  r e s i n  with deionized w a t e r  S t i r  v igorously .  

c) Decant water  and any f i n e s  which r i s e  t o  top a f t e r  al lowing bulk 
o f  r e s i n  t o  s e t t l e .  . 

d)  Repeat water wash u n t i l  no more f i n e s  r i se  t o  the top. Decant as 
much water  as p o s s i b l e  a f t e r  a l l o w i n g  r e s i n  t o  s e t t l e  thoroughly. 

e) Add conc HC1 i n  the  amount o f  10% o f  the  volume o f  the s l u r r y  and 
s t i r .  

f) If t h e  s l u r r y  i s  too t h i c k ,  d i l u t e  w i t h  1.2 M HC1. - 
g) Always keep a l i q u i d  l a y e r  o v e r  t h e  r e s i n .  

2)  P r e p a r a t i o n  o f  the  ion  exchange columns. 

Prepare  a plug o f  glass wool f o r  the bottom o f  the column. 

I n s e r t  glass woo1 plug i n  g l a s s  chromatographic column which has 
a 250 mL r e s e r v o i r .  Pack i n t o  t h e  bottom o f  the column using a 
long p i e c e  of g l a s s  rod o r  g l a s s  tubing.  Place a 600 ml beaker  
under t h e  column. 

Using a wash b o t t l e ,  wash down t h e  s ides of t h e  column with 1.2 
HC1. 
t o  g i v e  about 1" o f  l i q u i d  above g l a s s  wool. 

C lose  stopcock af ter  stem of column f i l l s .  Add enough acid 

Pack g l a s s  wool with g l a s s  rod t o  expel any a i r  bubbles which might 
be  trapped i n  the g l a s s  wool. D r a i n  l i q u i d  t o  j u s t  above g l a s s  wool 
P lug. -. 
Add about 30 m l  o f  resin s l u r r y  t o  each column using a l a r g e  bore  
p i p e t .  Be c a r e f u l  not  t o  g e t  r e s i n  on walls o f  r e s e r v o i r ,  as it 
w i l l  a l l  have t o  be washed down i n t o  the  column proper. 

F i l l  the  p i p e t  wFth resin s l u r r y .  Open the  s topcock on the  column 
and l e t  lFquid start t o  drafn. R e s i n  w i l l  pack down. The resin 
l e v e l  should be  even wFth or a ILt t le  above the  l i n e  marked on the  
columns. (Resin column should b e  about  20 ml). If it i s  too l o w ,  
let some o f  t h e  resin slurry in the p i p e t  draFn slowly onto  t h e  
resfn bed as the  1Lquid drains u n t i l  t h e  r e s i n  bed Ls a t  the  proper 
l e v e l .  
l i q u i d  should always b e  above it. 

Do not a l low l i q u i d  t o  draFn below top of resFn bed - some 

Wash down t h e  inside o f  t h e  reservoir and column wi th  1 . 2  H C l  t o  
remove any r e s i n  which may adhere .  Drain l i q u i d  i n  column t o  t h e  
top of the  resin bed t o  remove any res in  which may b e  adhering t o  



111-4 
-2- 

. 

the  column walls. Then add 1 . 2  
d i s t u r b i n g  the  r e s i n ,  t o  a depth o f  about 1". 
then  add 1.2 M H C l  t o  wi th in  1" o f  top of column below r e s e r v o i r .  
Allow r e s i n  to set#le completely. 

HCL,  very  c a r e f u l l y  to  avoid 
L e t  r e s i n  s e t t l e ,  

Using funnel  whose stem does not r e a c h  t h e  bottom o f  the r e s e r v o i r ,  
add a 5 m l  b e a k e r f u l  o f  60-100 mesh p u r i f i e d  s p h e r i c a l  grained 
s i l L c a  sand. Add the  sand i n  a smal l  stream so as not t o  d i s t u r b  
the  r e s i n  bed. 
c o n t e n t s  o f  column and s t a r t  over. 

If the sand and r e s i n  l a y e r s  become mixed, d iscard  

Drain l i q u i d  completely from column. Sand w i l l  maintain s u f f i c i e n t  
c a p i l l a r i t y  t o  prevent l i q u i d  l e v e l  from going below top o f  r e s i n  
bed. 

Wash i n s i d e  of r e s e r v o i r  and column w i t h  20-30 ml conc HC1. Drain 
column a t  maximum flow, d r a i n  column complete ly .  

Add 100 m l  1 2 M HC1 column. L e t  d r a i n  a t  a flow r a t e  o f  3 ml/min. 
(1 drop every  2-sec). Drain complete ly .  

3)  Ion  exchange separat ion .  

DiLute the  sample s o l u t i o n  i n  the pyrex  beaker  t o  50 r n l  with 6 HCL. 

Add volume o f  conc HCL t o  the sample equal  t o  the sample volume. 

Add 1 drop 309. H202 per LO m l  of sample s o l u t l o n .  

Cover w i t h  a watch g l a s s  and h e a t  below b o i l i n g  f o r  1 hour. (May 
a l s o  h e a t  t o  beLow b o i l i n g  and t h e n  a l l o w  t o  s i t  a t  ambient temp- 
e r a t u r e  overnight . )  Remove from h e a t  and c o o l  t o  room temperature. 

Meanwhile, add 200 m l  9 HC1 t o  t h e  prepared resin column. Allow 
t o  d r a i n  at  a rate o f  3 ml/min (1 drop/2 sec). 

Q u a n t i t a t l v e l y  t r a n s f e r  the sample from t h e  pyrex beaker to  the  
column u s i n g  9 H C l  t o  rinse the  beaker .  Allow the column t o  
drain a t  t h e  same rate as i n  e )  above. 

Using 9 HCL r l n s e  the i n s i d e  o f  t h e  reservoir and column with 
about 15 ml of ac id .  A l l o w  to drain. Repeat  twice more. 

Remove 600 ml beaker ,  replace wi th  pyrex beaker  which held the  sample, 

Add 15 m l  7.2 
a rate o f  1.5 ml/min (1 drop/4 sec) . 
of 15 ml of 7.2 
extended p e r i o d ,  since a i r  bubbles  may form i n  column as resin shr inks  
if it i s  l e f t  dry.  

" 0 3 ,  r i n s i n g  s i d e s  of reservoir. Allow t o  d r a i n  a t  
Repeat  wi th  a second a l i q u o t  

Do not  allow column t o  remain d r y  f o r  any HN03. 

Add 45 ml 7.2 
maintained at 1.5 ml/min. 

HNO3 t o  column. Check flow rate t o  be sure  i t  i s  
R e a d j u s t  f low rate if necessary.  



k) After HN03 h a s  d r a i n e d ,  r i n s e  column w i t h  5-10 ml 1 2 g H C 1  ( do not 
e x c e e d  -- 10 m l )  and r inse  o u t s i d e  o f  stem o f  co lumn w i t h  1 2 M - H C t .  
D r a i n  a t  same rate as "03. 

-- 

# 
1) P l a c e  c lean  50 ml b e a k e r  l a b e l l e d  w i t h  s a m p l e  number under  column 

m) E l u t e  p l u t o n i u m  w i t h  50 m l  1 2 H C 1  c o n t a i n i n g  1 ml 30% H202. 
E l u e n t  f low rate s h o u l d  b e  3 ml/mrn (1  drop/:! s e c ) ,  P r e p a r e  e l u e n t  
f r e s h l y  b e f o r e  u s e .  

. 
n) Flow rate may d e c r e a s e  due t o  e x p a n s i o n  of t h e  r e s i n .  It need n o t  

b e  r e a d j u s t e d  u n l e s s  i t  s t o p s  a l t o g e t h e r .  I 



P u r i f i c a t i o n  o f  Plutonium-236 Standard 

' a  

1. 
a c i d .  If t(le plutonium is i n i t i a l l y  i n  6M h y d r o c h l o r i c  a c i d  and has  a 
g r e a t e r  volume, evaporate  t o  SO-ml. 

Prepare a s o l u t i o n  o f  &e plutonium-236 i n  5 0 - m l  o f  6M h y d r o c h l o r i c  

2. 
s o l u t i o n  t o  a 9M a c i d  c o n c e n t r a t i o n .  Add LO draps o f  30% hydrogen perox ide ,  
c o v e r  the  beaker  wLth a watch g l a s s  and h e a t  between 80 and 90°C for 1 hour. 
Allow t o  cool. 

Add an equal  volume of c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  t o  a d j u s t  t h e  

3. 
of Plutonium. 

Prepare an  i o n  exchange column as d e s c r i b e d  i n  I o n  Exchange S e p a r a t i o n  
E q u i l i b r a t e  w i t h  9PJ HCL.  

4 ,  Pour the  plutonium s o l u t i o n  Lnto t h e  r e s e r v o i r  and r i n s e  t h e  beaker  
w i t h  9M h y d r o c h l o r i c  a c i d .  
min) . A d j u s t  t h e  f low rate  t o  1 drop/2  seconds (3-mL/ 

5. \ h e n  the  s o l u t i o n  has  passed  through t h e  column, r i n s e  down t h e  sides 
o f  t h e  r e s e r v o i r  w i t h  about  15-ml o f  9M h y d r o c h l o r i c  a c i d  and a l l o w  t o  
d r a i n .  Repeat the r i n s e  two times w i t h  15-ml p o r t i o n s  o f  9I-l h y d r o c h l o r i c  
a c i d ,  

6. Add 75-ml o f  9M h y d r o c h l o r i c  a c i d  and a l l o w  t h i s  to d r a i n  a t  t h e  same 
ra te  t o  a s s u r e  t h e  removal of thorium from t h e  r e s i n .  

7 .  Mix 15-rnl o f  f r e s h l y  prepared  1M ammonium iodide w i t h  45-ml o f  concen- 
trated h y d r o c h l o r i c  a c i d  and u s e  this t o  e l u t e  t h e  plutonium a t  a f low rate  
of 3-ml/min. C o l l e c t  t h e  p lutonium-conta in ing  e l u a t e  i n  a 150-ml beaker .  

8. 
dryness .  

Add 15-ml of c o n c e n t r a t e d  nitric a c i d  to t h e  e l u a t e  and evaporate  t o  

9. D i s s o l v e  t h e  r e s i d u e  i n  6M h y d r o c h l o r i c  a c i d  and d,Lute the  s o l u t l o n  
to  approximately 200 p C i / m l  wrth 6M h y d r o c h l o r i c  acid. 

LO. The uranium-232 may b e  recovered  f r o m  the  r e s i n  for u s e  as a tracer 
standard by washrng t h e  r e s i n  w i t h  50-1111 of 9M h y d r o c h l o r i c  acLd and then 
e l u t i n g  wrth 100-ml o f  1.2M h y d r o c h l o r i c  a c i d .  



S t a n d a r d i z a t i o n  o f  Plutonium-236 T r a c e r  

1)  
an a c t i v i t y  o f  approximately  5 p C i / L O O  u1. 

Make a d i l u t i o n  o f  the"200 p C i / m l  s t o c k  236Pu s o l u t i o n  i n  6M - HC1 t o  y i o l d  

2) I n  each o f  f o u r  c l e a n  g l a s s  weighing b o t t l e s ,  v e i g h  a 100 ul a l i o u o t  o f  
the s tandard  239Pu solutLon 

3 )  Add a L O O  u l  a l i q u o t  o f  the  d i l u t e d  236Pu s o l u t i o n  t o  each b o t t l e .  

4 )  
H202 t o  each b o t t l e .  L e t  s i t  a t  l e a s t  3 0  min 

Wash down the  walls of the  weighing b o t t l e s  wi th  1.2M - HCL. Add 1 ml 30% 

5) Q u a n t i t a t i v e l y  t r a n s f e r  t h e  c o n t e n t s  of t h e  weighing b o t t l e s  t o  f o u r  50 rnl 
beakers wi th  1 . 2 2  H C l .  

6) Add 20 drops conc  H2S04 t o  each  b e a k e r ,  evaporate  t o  fumes o f  SO3, plate  
as u s u a l .  

7) In format ion  t o  b e  suppl ied t o  c o u n t i n g  f a c i l i t y  d a t e  o f  p u r i f i c a t i o n  
o f  236pu t racer ,  date o f  d i l u t i o n ,  a l i  u o t  of 236Pu s o l u t i o n ,  weight  o f  
239Pu s o l u t i o n ,  speci f ic  a c t i v i t y  o f  239Pu s o l u t i o n ,  d a t e  p l a t e d  



**A.-o 
P o l i s h i n g  P l a n c h e t s  f o r  PLutonium 

1) 3/4" diameter s t a i n l e s s  s t e e l  f l a t  p l a n c h e t s  are used f o r  the e l e c t r o -  
deposLt ion  o f  plutonlum. 

2) P r e l i m i n a r y  p o l i s h r n g . 4  

Because  o f  t h e  stamping p r o c e s s  by whrch they a r e  manufactured, 
t h e  c i r c u l a r  p lanchets  have a rough b u r r  on t h e  o u t s i d e  rim on 
one side.  S o r t  the  p l a n c h e t s  t o  b e  p o l i s h e d  so t h a t  the  rough 
side is up. 

The p l a n c h e t s  w i l l  be  po l i shed  i n  two s t a g e s .  
a lumlna,  second wi th  Beuhler  AB p o l i s h i n g  alumina. 

. 
fLrst with Lavigated 

P u t  t h e  canvas  Lap on the  p o l i s h i n g  wheel  which has  been used f o r  
l a v i g a t e d  alumina. Be sure t h a t  i t  i s  stretched t i g h t l y  over the 
s u r f a c e  o f  t h e  wheel and t h a t  t h e  r e t a i n i n g  r i n g  does not protrude 
above t h e  edge o f  the  wheel.  

Use a 59. s l u r r y  o f  Lavigated alumina i n  de ionized  water i n  a wash 
b o t t l e  . 
Turn t h e  wheel  on t o  high speed Be  s u r e  t h e  d r a i n  i s  over the  
s i n k .  [Jet t h e  wheel thoroughly w i t h  d e i o n i z e d  water. Then add 
a 5-10 ml p o r t i o n  o f  the  well mixed p o l i s h i n g  slurry t o  the c e n t e r  
o f  t h e  wheel .  

Using a 82 rubber  s topper  and maskLng tape, affLx t h e  back o f  a n  
unpolLshed p l a n c h e t  ( the  s i d e  w i t h o u t  t h e  burr )  t o  t h e  rubber 
s t o p p e r  . 
Using a c F r c u l a r  motlon,  apply t h e  b u r r e d  edge o f  t h e  p lanchet  t o  
t h e  o u t e r  1/3 o f  t h e  wheel. R o t a t e  t h e  p l a n c h e t  around the wheel 
Ln t h e  d L r e c t i o n  opposLte the  d L r e c t L o n  o f  r o t a t i o n  o f  the wheel.  
A t  t h e  same t h e  r o t a t e  t h e  wrtst so t h a t  all of t h e  p lanchet  r i m  
comes i n  c o n t a c t  wLth the  wheel d u r i n g  t h e  r o t a t i o n  of the p lanchet  
around t h e  wheel.  Grfnd t h e  b u r r  o f f  t h e  edge complete ly  by t h i s  
p r o c e s s .  

Then p o l i s h  t h e  f l a t  s u r f a c e  o f  t h e  p l a n c h e t .  
i n  t h e  d i r e c t i o n  opposLte t h e  w h e e l ' s  r o t a t L o n  w i t h  the  f la t  sur -  
face i n  contact wi th  t h e  wheel.  Use t h e  Lnner thLrd of the  wheel 
s u r f a c e .  The planchet  w L l l  not  have a m i r r o r  fLnLsh a f ter  thLs 
p r c l h i n o r y  p o l i s h i n g  s t e p .  

R o t a t e  the  p lanchet  

Remove p l a n c h e t  from stopper .  
d e t e r g e n t  to remove p o l i s h i n g  compound. 

Wash thoroughly w i t h  water contaLning 
Dry on  paper towels.  

3) F i n a l  p o l i s h i n g .  

a) After a l l  p l a n c h e t s  have been  through prelLmFnary pol tshFng,  remove 
l a p  from wheel ,  and r e p l a c e  wLth l a p  used w i t h  AB alumina. 

b)  A t t a c h  p l a n c h e t  t o  s topper  as b e f o r e .  
thoroughly  w i t h  water and add d i l u t e d  AB alumina s l u r r y  t o  c e n t e r  
o f  wheel .  

Turn on  whee l ,  wet l a p  
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c) P o l i s h  f l a t  s u r f a c e  of p l a n c h e t  as b e f o r e ,  b u t  c o n t l n u e  p o l i s h i n g  
u n t i l  a m i r r o r  f i n i s h  i s  obta ined .  

4 )  Cleaning  p l a n c h e t s .  * 
a) Wash p l a n c h e t s  thoroughly wi th  d e t e r g e n t .  Be s u r e  t o  remove all 

p o l i s h i n g  compound and adhes ive  from masking tape 

Rinse  well w i t h  de ionized  water .  b) 

c) Wash w i t h  a c e t o n e ,  d e c a n t ;  r i n s e  w i t h  d e i o n i z e d  water. 

d) Cover p l a n c h e t s  w i t h  259. v/v  “03. 
B r i n g  a c i d  t o  a b o i l  and b o i l  p l a n c h e t s  5 min. Remove from heat .  
Cool t o  room temperature.  

R i n s e  p l a n c h e t s  thoroughly w i t h  d e i o n i z e d  water t o  remove a l l  acid. 
S t o r e  p l a n c h e t s  under de ionized  water and covered  w i t h  a watch 
g l a s s .  

Cover b e a k e r  w i t h  a watch g l a s s  

e) 



a 

~~ 

E l e c t r o d e p o s L t i o n  o f  PLutonrum 

1) P r e p a r a t i o n  o f  sample. 
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a) To e l u a t e  from ionlpxchange column, c a u t i o u s t y  add 20 drops o f  conc 
H2SO4. 

b )  

c)  Add 3ml water t o  b e a k e r ,  c o v e r  wi th  a watch g l a s s ,  

d) Heat u n t i l  water r e f l u x e s  o f f  watch g l a s s .  Avoid b o i l i n g .  Remove 

Evaporate  t o  SO3 fumes o v e r  low h e a t  Remove from h e a t  and c o o l .  

. 
from h e a t  and c o o l .  

2 )  C o n s t r u c t i o n  o f  e l e c t r o d e p o s i t i o n  c e l l .  

Punch a h o l e  3/4" dia  i n  the  bottom o f  a p l a s t i c  s c i n t i l l a t i o n  v i a l ,  
u s i n g  a c o r k  b o r e r .  

Soak v i a l s  i n  s t r o n g  chromic a c i d  c l e a n i n g  s o l u t i o n  3 hours  o r  longer .  

R i n s e  w i t h  w a t e r ,  soak  v i a l s  i n  25% v / v  HNO3 f o r  1 hour o r  longer .  

Rinse v i a l  w i t h  water. 

With f o r c e p s  remove a p o l i s h e d  3/4" p l a n c h e t  from t h e  water i n  which 
t h e  p l a n c h e t s  are s t o r e d .  Place t h e  p l a n c h e t ,  p o l i s h e d  s i d e  up, on 
t h e  f i n g e r s  o f  t h e  l e f t  hand. 

Hold t h e  c l e a n  v i a l ,  threaded end down, above t h e  p l a n c h e t .  Lower 
t h e  v i a l  o v e r  t h e  p l a n c h e t  and apply a vacuum t o  t h e  end of the  vLal 
w i t h  t h e  h o l e .  C e n t e r  t h e  p l a n c h e t  o v e r  t h e  mouth of t h e  v i a l .  
Screw on  a p e r f o r a t e d  cap  f i t t e d  w i t h  a r ive t  w h i l e  mainta in ing  the  
p l a n c h e t  i n  p o s i t i o n  by  t h e  a p p l i c a t i o n  o f  vacuum. 
on t i g h t l y .  

* 

Screw t h e  cap 

Add water t o  t h e  vial u n t i l  i t  is L/3 f u l l .  Apply vacuum again .  If  
no l a r g e  bubbles  r ise,  t h e r e  is no leak. If t h e r e  i s  a leak,  empty 
t h e  water from t h e  v i a l  and r e c o n s t r u c t  t h e  c e l l .  

Fill c e l l  w i t h  water. 

3) E l e c t r o d e p o s i t i o n  u s i n g  Eberbach  p l a t e r .  

a) Add 3-5 drops thymol b l u e  i n d i c a t o r  t o  sample s o l u t i o n .  

b) N e u t r a l i z e  s o l u t i o n  t o  y e l l o w  endpoint  b y  dropwise a d d i t i o n  of conc  
NH4OH. 

Empty c e l l ,  p l a c e  r i v e t  o f  c e l l  i n  c e l l  h o l d e r  so c e l l  is s tanding  
u o r i g h t .  

c)  

* 
The apparatus  f o r  apply ing  
equipped w i t h  one-hole  s t o p p e r ,  t o  which i s  a t t a c h e d  a two-hole s topper  
by means o f  a l e n g t h  o f  tubing .  The vacuum can b e  a p p l i e d  and r e l e a s e d  
s imply by c o v e r i n g  t h e  second h o l e  i n  t h e  r u b b e r  s t o p p e r  when t h e  s t o p -  
per i s  p l a c e d  o v e r  t h e  h o l e  in t h e  v ia l .  

t h e  vacuum c o n s i s t s  o f  a s i d e - a n n  flask 
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Q u a n t i t a t i v e l y  t r a n s f e r  sample s o l u t i o n  t o  c e l l ;  use  a t o t a l  o f  6 m l  
0.18 M H2S04 t o  r i n s e  t h e  b e a k e r  three times, us ing  2 r n l  e a c h  time. 
Add r k e s  t o  c e l l .  

3 

N e u t r a l i z e  s o l u t i o n  i n  c e l l  t o  true orange endpoint  by blowing 
gaseous MI over  t h e  s o l u t i o n  and s w i r l i n g  ( s o l u t i o n  should have a 
s l i g h t  p i n  2 c o l o r  when viewed through t h e  side o f  t h e  c e l l ) .  * 

S e t  c e l l  i n  c e l l  h o l d e r ,  t i g h t e n  s h a f t  l o c k  t o  hold r i v e t  t i g h t l y .  

R i n s e  p la t inum-ir id ium e l e c t r o d e s  w i t h  water, dry  upper ends. 
Insert  i n  p o s i t i v e  e l e c t r o d e  h o l d e r s .  

. 

I n s e r t  ca thode  i n  c e l l  and swing support  s h e l f  out  so t h a t  i t  i s  
under c e l l  ho lder .  Push c e l l  assembly back  so t h a t  bottom o f  
ca thode  c a n  b e  viewed through c e l l  wall. 

P o s i t i o n  ca thode  so p e r f o r a t e d  bottom p l a t e  is about 3/16" above 
shoulder  of c e l l .  
l a t e r a l l y .  Repeat  s t e p s  a) through i) for  second sample. 

Then p o s i t i o n  c e l l  so t h a t  cathode i s  c e n t e r e d  

Turn o n  power swi tch .  
and DC power should read no more than  8-8.5V. C u r e n t  w i l l  i n c r e a s e  
as e l e c t r o l y t e  warms dur ing  p l a t i n g .  After  aboLt 30 min t h e  c u r r e n t  
should l e v e l  o f f  a t  1 . 2  amp. 

I n i t i a l l y  c u r r e n t  should read about  0.8 amp 

Continue e l e c t r o p l a t i n g  f o r  a t o t a l  o f  1 hour 15 min. 

N e u t r a l f z e  p l a t i n g  s o l u t i o n  w i t h  10 m l  1.9 hq40H. 
f o r  30-60 sec. 

Continue p l a t i n g  

Without t u r n i n g  power o f f ,  remove cathode from c e l l ;  remove c e l l  
from cell holder .  Discard  e l e c t r o l y t e .  RLnse c e l l  t h r e e  times w i t h  
c e l l  r i n s e  s o l u t i o n ,  then  t h r e e  tfmes w i t h  e t h a n o l .  D i s c a r d  washes. 

Dfsassemble  c e l l .  D i s c a r d  v i a l .  Remove p l a n c h e t  w i t h  f o r c e p s  and 
dry  by L e t t i n g  l i u u i d  d r a i n  on a paper  towel.  
cupped p l a n c h e t  marked w i t h  sample number. 
i n  d i s p o s a b l e  p l a s t i c  p e t r i  d i s h  marked w i t h  a l l  sample in format ion .  
D i s c a r d  r i v e t .  

P l a c e  p l a n c h e t  i n  
P l a c e  cupped p l a n c h e t  

Repeat  s t e p s  1) through n) w i t h  second ce l l .  
rawving second cathode from cel l .  

Turn o f f  power af ter  

€hat cupped p l a n c h e t s  c o n t a i n i n g  f l a t  p l a n c h e t s  on h o t  p l a t e  f o r  
2-5 min. L e t  c o o l  and p l a c e  b a c k  fn p e t r i  d f s h e s .  

DelLver t o  c o u n t i n g  facL1Lty. 

* 
If orange endpoint  i s  passed ,  add 1.8 
t o  t h e  proper  pH. 

H2SO4 dropwise t o  r e t u r n  t h e  s o l u t i o n  

, 
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I II t e r ria I Let te r 

TO C. T, I l l s l e y  
Adilfc$% 

MWH: sas 

I 

S t r l w t  COMPARISON OF A I R  SAMPLER STATIONS 

Statfst ical  analyses weve performed on monthly plutontun I n  a f r  
concentratlon data collected from 27 different alr sampler stations. 
The data were collected from November 1976 through July 1978, The 
a i r  sampler statlons were located on or outslde but wlthin two mlles 
of the perlmeter of' the Rocky Flats Plant buffer zone, These statfans 
are denoted as S-31 through S - 4 l n  S-52, S-57. S-58, S-59, and S m 6 3  
through 5-68. The nine stations denoted S-45, S-46, S-4h and $163 
through S-68 were installed to collect data for pending I l t lgst lon.  
Two of  these stations are analyzed by an Independent laboratory. 
The rematning eighteen statlons are part o f  the contlnulng Rocky Flats  
Plant monltoring program. 

The data Indicate no significant dlffcrences between the twenty-seven 
stations as a group. Llkewfse, there i s  no stgnlflcsnt difference 
between the nine 11 tlgation stations as canpared to  the remaining eighteen, 
The two 1 f tigation statlons analyzed by the Independent laboratory do 
not dlffrr from the other statlons, 

' 

I t  I s  concluded that the nlne sampler statlonr Instal led for l l t lgat lon 
do not yield Infomation not provtded by the routine Rocky Flats  
monltorfng statlons and hence should be dlsconttnued, Moreover, the 
need for a l l  of the stations lncluded In the routine monitoring program 
should be Investigated. 

cc: 
R, N. Chanda 

t 
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M e R -  4 - 9 1  W E D  9 : 3 6  E4 P -  8 5  

- AIR SAMPLE STATIONS (PU CONC. IN p / m l x 1 0 - 1 5  1 3 6  I 

S-40 # 3 8  - s-39 - S-38 -. s-37 - S-36  - s-3 5 - Data - I 

NpV 7 6  
I DEC 76 
JAN - 77 
- FED 7 7  - MAR 77 

- APR 7 7  
c MAY 77 
- J U N  77 
- JUL 77 
AUG - 77 
S_EP 77 
- OCT 77 
NOV 77  
- ;;Ec 77 
- JAN 78 
F_EB 7 8  
- MAR 7 0  

fiPR 7 8  
- MAY 78 
- J U N  7 8  
-. JUL 78 

0 . 0 3 7  
0 . 0 0 6  
0 , 0 0 7  
0.008 
0 .015  

0 .017  
0 .055  
0 .045  
O e 0 4  
0.05 

0.03 
0 . 0 7  
0 . 0 3  
0 . 0 3  
0 . 0 3  
0 , o s  
0.18 
0.14 
0 . 0 7  
0 . 0 5  
0.05  

0 .051  
0.008 
0 . 0 1 4  

0.009 
0.020 
0.025 
0.061 
0.056 
0 .05  
0.05 
0.07 
0 . 0 s  
0 .03  
0.04 
0 , 0 4  
0 .06  
0.23  

0.17 
0 .08  
0 .06  
0 .03  

0 . 0 4 9  0 . 0 3 6  

0 .022 0 .006  
0 .024  0.008 
0.012 0.003 
0.017 0 * 01s 
0.023 0.015 
0.049 0.056 
0.063 0.051 
0.05 0 , 0 4  
0.06 0.04 
0.04 0 .03  
0.09 0.06 
0604 O e 0 3  
0 . 0 6  0 . 0 3  
0 . 0 4  0 . 0 3  
0 . 0 5  0.04 

0.1s 0.15 
0 . 2 1  0.08 
0 .08  0 .06  
0 .04  0 . 0 7  
0 .05  0.04 

0 .025 
0 .005 
0.010 
0.007 
0 . 0 1 4  

0 . 0 2 3  
0.069 
0.056 
0.07 
0 .04  
0.04 
0 .07  
0 . 0 3  
0 . 0 3  
0 . 0 4  

0 * 0 6  
0 .19  
0.17 
0 . 0 6  
O e 0 4  
0.0s 

0.034 #39 

0.010 140 

I 
0 . 0 2 5  1 4 1  
0 , 0 1 2  # 4 2  
0 , 0 2 0  143 

0 .023  1 4 4  
0.060 # 4 5  
0.055 # 4 6  
0.04 #47 I 

0 .04  #48  
0.04 149 
0.07 # S O  
0 .03  191 

I 

0.04 (152 
I 

0 , 0 4  (53  

0.06 1 5 4  
0.28 155 
0 .14  1156 
0.08 #57 
0 . 0 7  158 
0 .06  Y59 ~ 

I 

I G 
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M A P -  4 - 9 1  W E D  9 2 3 7  P. a b  

Date 
_..I 

4 NOV 76 

.. DEC 76 
- JAN 77 
- FED 77 
d MAR 77 
APR 77 

- MAY 77 
I JUN 77 
JUT, 77 
- AUC 77 

- OCT 77 
- NOV 77 
.. DEC 77 
- JAN 78 

- FEB 7 8  
- MAR 78 

.. APR 78  

- MAY 78 
L J U N  78 
JUL 7 8  
- AUG 7 8  

-. SEP 77 

- AIR SAMPLE STATIONS 

S-41 - 
0.027 
O OOS 
0 .004  
Oo007 
0.016 
0 . 0 2 2  
0.069 
0.055 
0.04 
0 . 0 5  
0.04 
0.06 
6 . 0 4  

0 . 0 3  
0.04 
0 . 0 6  
0.26 
0 .22  

0 .09  
0 . 0 8  
0 . 0 7  

S - 4 2  - 
0.028 

0 . 0 0 5  
0 , 0 0 8  
0.009 

0.015 

0 . 0 2 4  
0 . 2 1 1  
0.050 
0 . 0 5  
0 . 0 5  
0 .05  

0.09 
0.04 
0 . 0 3  
0.05  
0 004 

0.17 
0.15 
0.12 
0.06 

0.09 

(PU CONC. IN C i / ~ f ~ l x l O - ~ ’  P 
s-43 -- 

0 . 0 2 0  
0 .009  

0 , 0 0 8  
0.010 
0.020 
0. a25 

0.067 
0 . 0 5 4  
0 . 0 4  
0 . 0 3  
0 . 0 6  
0.05 
0 . 0 3  
0 .04  
0 .04  
0 .05  
0.23 
0.09 

0 . 1 1  
0.07 
0 . 0 5  

S-66 - 
0 . 0 2  

0 . 0 2  
0.01 
0 .03  

0 .02  

0 .02  
0 . 0 6  
0 .os 
0 . 0 5  

0.06  
O 004 

0 . 0 4  
0 .04  
0.04 
0 . 0 4  
0.05 
0 . 3 4  
0.16 
0*11 
0.07 
0 . 0 5  
0.05 

S-67 - 
0.04 
0.01 
0 . 0 2  
0 . 0 1  
0 .02  
0 .02  
0.05  
0 .os 
0 .04  
0 . 0 4  
0.06 
0 .04  
0 . 0 5  
0.64 
0 . 0 2  
0.0’1 
0 .29  
0 * 1 3  

0.09 
0.09 
0.12 
0.06 

1 6 2  

- S-68 164 

0 . 0 3  165 
. 0 1  #66 

0 .02  167 
0.04 168 
0 .02  169 

0.02 # 7 0  
0 . 0 6  172 
0 . 0 4  1 7 2  
0.05 1 7 3  
0.04 1174 
0.04 # 7 5  
0.04 # 7 6  
0 .04  177 
0.04 178  
0 . 1 1  t 7 9  
0.06 t8O 

0 * 2 8  # 8 1  
0.04 t 8 2  
0 . 1 2  183 
0 . 0 6  #84 
0.09 185  
0 . 0 6  #86  



- AIR SAMPLE STATIONS ( P U  CONC. IN p / m l x l 0 - 1 5  

1 9 4  
#95 
196 
197 
# 9 8  

- Date 5-34 s-49 S-52 s-57 S-S8 
JEFFCO WALNUT WAGNER - - -- - -I 

I NOV 76 
- DEC 7 6  

a. JAN 77 
.I FEB 77 

MAR 77  - 
I L APR 77 

4 MAY 7 7  
4 J U N  7 7  
I. JUL 77 
- AUG 77 

- SEP 7 7  
@ OCT 7 7  
- 

NOV .. 77 
- DEC 77 
- JAN 78 

t - FED 78 

- MAR 7 8  

APR 78 
4 MAY 78 
d JUN 7 8  
... JUL 78 

II 

0 . 028 0 .037  
0 , 0 0 5  0 .007  
0.010 0 . 0 0 6  
0 . 0 0 8  0 .009  
01017 0.016 
0 1 022 0,027 
0.060 0 . 0 6 3  
0 ,043  Om058 
0.04 0 . 0 4  
0.05 0 . 0 1  
0 4 0 4  0 . 0 5  
Om09 0 . 0 5  
Om03 0.02  
0 .04  0 . 0 3  
0.04 0 . 0 4  
0 . 0 5  0 . 0 5  
0119 0.21 
0 . 2 4  0 . 1 1  
0.08 0.08 
0.07 0 . 0 5  
0106 0.09  

0.019 
0.011 
0.005 
0 . 0 0 7  
0.016 
0 . 023 

0 . 0 5 3  
01059 
0 .05  

0.05 

0.07 
0 1 0 4  
0106 
0103 
0.03 

0.05  

0 . 2 5  
O m 1 2  

0 .05  
0.12 
0.06  

0.017 0.017 
0 . 0 0 8  O.OL0 
0 .005  0.009 
0 . 0 0 6  0.011 
0 .017  0.019 
0 m 0 2 4  0 . 020 
0.064 0 . 0 6 7  
0 . 0 5 5  0 . 055 
0 . 0 2  0 .04  

0 .04  O t 0 4  
0 . 0 3  0.07 
0 . 0 7  0 . 0 7  
0 . 0 5  0 . 0 6  
0 . 0 3  0.04 
0 . 0 4  0106 
0 .03  0 . 0 5  
0 . 1 5  O m 1 7  
0 . 4 3  0.09 
0.06 0.12 
0 .07  0 .06  
0106 0.06  

189  

8-59 1 9 1  
LEYDEN 192  --- 
0.022 

0 . 0 0 7  
0.004 
0 , 0 0 9  
0 .010  
0 . 0 2 1  
0 .044 
0.037 
0m03 
0 . 0 3  
0.06 
0 . 0 5  
0m05 

0 . 0 3  
0.04 
0 .05  
0.14 
0.11 
0 . 0 7  
0 . 0 5  
0m10 



AIR SAMPLS STATIONS 

I 

1119  

- MAR 77 

- APR 7 7  b 

- MAY 77 
& JUN 77 
- JUL 77 
A_UG 7 7  
- SEP 77 
O_CT 7 7  

4 L NOV 7 7  
- D K  7 7  @ JAN 30 

PEE 7 8  
- MAR 7 8  

\ *  - APR 7 8  
MAY 78 
AUN 7 8  

*- 

; 

- 
c JUL 78 

S-31 
0.017 
0 . 0 0 8  
0 . 0 0 6  
0.010 
0.016 
0 . 020 
0.059 
0.206 
0.06  

- 

0 .05  
0 . 0 6  

0.09 

0 . 0 3  
0.04 
0.07 
0 . 0 7  
0 . 0 8  
Om19 
0.12 
0.06 
0 . 0 5  

S-32 
0 . 1 1 2  
0 .006 
0 . 0 0 5  
0 . 0 0 5  
0.015 
0.019 
0 . 0 5 0  
0 . 0 5 3  
0 . 0 6  
0 . 0 4  

- 

Om05 
0 . 0 6  
0 . 0 3  
0 .03  
0 . 0 3  
0 .04  

0 . 1 6  
0 . 1 1  
0 . 0 9  

0 . 0 9  
0.04 

s-33 
0 . 0 3 1  

0 . 0 0 3  
0 .006  

0 .008 
0 . 014  
0 . 0 2 1  
0 . 0 5 9  
0 . 0 4 8  

0 . 0 4  

- 

Om04 

0 . 0 4  
0 . 0 7  

0.04 
0 .04  
0 . 0 3  
0 . 0 4  
0 . 1 7  
0.16 
0 .07  

O m 1 6  

0 .07  

1121 
1 1 2 2  
# I 2 3  
1124 
1125 
1126 
1127 
(128 
0129 
1130 
1 1 3 1  
1132  
1133 
# 1 3 4  
8 1 3 5  
1136 
1137  
( 1 3 8  

1 1 3 9  
0140 
1141 
4142 

. .- ./ .' 
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In trod uc t i on 

Litigation proceedings were iiutiattd against the Rocky Flats Plant clairnirl~ 
radionuclde depositims from the Plant on lards adjacent to the ?!ant caused tFIe 
lmds to be unfit for human habitation and use To arswer these claims, exterlsive 
soil and air c;arnplmg projects were conduc:ed in 1976 and 1977. The procec:ures 
used in  these projects and the results obtained were presented to the U S. DiStPict 
Court, Denver, Colo~ado. Summary soll sample resuits are included in tlis 
document. Complete details concerning trre litigation program are availaole At 
the request of local landowners, a sup2lementd soll sample program w a s  irlitiated 
in  the summer o f  1913 to cnaracterize plutonium conceptrations on other laws 
adjacent to the Rocky Flats Plant. 

Tne number of sample slits per parzel of land was determined from c' 
ststistical evaluation of euisting plutonium 1'1 soil data A cornplzte description 3f 
t+e proceddres used is recorded in the trapscript of "HearincJs on Soil Samplmg" 
held in U 5. District Court, Denver, Colorado, 1977 (Civd Action Numbers 75-;-- 
1111, 75-?t'I-1162, and 75-M-1296) 

The locations of  seventy-one (71) sa11 sample sites were surveyed by a 
professional survqor, marked on tne grourld and plotted on a topographic 
quadrangle map showing the land parcels. Soil samples were collected by Eberline 
Instrument Corporation by an approved colla? tion technique- Five subsan$es 
were cornposited into one sample at each site. Eberlme made preliminary sample 
preparation and delivered the sarrples to an independent escrow agent. 

Sample batches were prepared by an iqdependent escrow agent. Each batcn 
contained blanks, syntha tic standuds, consensus standards, field samples and 
replicate field samples. The escrow agent provided a coded numbering system 
which made the various sampk types indistinguishable from one another. The 
escrow agent submitted sample batches to Eberhne, LFE and LASL laboratorits for 
analysis. 

The radiochemical procedure used for the determination of plutonium E a 
modification of the US. Nuclear Regulatory Commission Regulatory Guide 4 5 
"Measurements Of Radionuclides In The Environment-Samphng and Analysis Of 
Plutorlium Li The Sod." The modifid version of this procedure is part of the record 
in the haarings mentioned above 

The analytical data were repoi-ted to the escrow agent '\VAO d x 3 d c u  Lit! 
After all analyses were completed, the analytical data were sample numbers. 

forwarded to the project mmagement 

-1- 



SA? IPLE COLLECTION 

c 

S2inpk Site Locations 

The 71 sarnpXe sites, shown on Figure 1, were located, staked, and inaiked on 
the ground by a professional licensed surveyor and crei,v f iom Drexel, Darrzll and 
Company, Boulder, Colorado. It was necessary to deviate sbghtly from the 
indicated map sites because of the location of roads, fences and bodies of water. 
Each actual site, however, was accuratzly plotted on a n a p  and tlie coordinatzs 
recorded by the surveyor. These alternate Tites were sclected by the project 
manager and the samphng c r e . ~  cnief. 

Sample sites werz marked on the ground by piocetlures to oe described later 
The sample sites were marked with d red zapped stake showing map locstion end 
site number. These sites were considered as the centers of 10 metzr diameter 
areas for sample collection. The site markers were all removed at the conclusion 
of sarnplng. 

Color photographs rvere obtained at each samp- sit? to verify the site 
number and to depict general topography, surface conditions and type and condition 
Gf iegetation. 
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SURVEY IXG PROCED URbS 

Using the scctim lines of t h ?  resppciivo sections, referencc 201,lts ve;e 
sti’ced 50 feet due west of sample sites. Trvo refereme points per v m p l e  site werz 
used w k r ,  possible livestock or farming activities might disturb the refvence 
poirli- Numerical ijentiPlcstLon of reference points *,\as used, inclusive for each 
section. Care was taken to iysure that each test site remained undistutbed by 
vehicular or pedestrian traffrc. Sur veyi~g and sampling were c0ordlna:ed so that 
no more actlid s t e s  nere loczted and surveyed than were ta be sampled on that 
particular day 
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Sod samples tiere colkcted 3t P C ~  stt? oy a tec'vtoinn under d l r = c t  
professlanai supervision. The iechician nad rece,*/z.d pro1- trarnir g i ?  t i e  so11 
collectlop tecnnique utllizad A description of t n s  tzcFl?ique, rvh'ch utllnes i IO S 
13 X 5 c m  jig, is given iil the Court rec0i.d of Soil Heaings 3rd also L? th-2 Boc4y 
Fl i ts  hnual Environnental idonitor,ng X e y :  ts 

The p h n  of operation at each sod sa-;lcle site was 1de;1*ail and details v+e' Y 

recorded in a log book Samples were collecizd 0 3 meters nortn of the site rnsrAei 
ard at a distance of 5 meters from the site cerltar at tne four caxhnal points. 
rhese 5 samples were cornposited in  one IX v one gdlon paint can 

The sample collection log O O G ~  con'ca,rls the followiilg informatioil: 

Sample number 

Sample location 

Date of  collection 

Name of collector 

Weather conditions 

Soil type 

Vegetation 

Degree and direction of slope 

Sod mosture 

Any special conditions 

SOIL COLLECTION PROCEDURE 

Field Procedure 

One composite soil sample was collected at  each site. This composite 
consisted of  five samples 5 centimeters deep. Each subsample was taken uslng a 
sample jig which outlines an area 10 by 10 centimeters square. Tne jig bas ciriven 
into the ground to a depth of 5 centimeters and a scoop was used to remove the soil 
from inside tne jig cavity 
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The f ~ v e  surfacc! sarn91es were composttsd in R nEbv one gallon Glztai nw,~n: 
The sem2le coqiaine, ,V*S can and the lid :vas sealed w i t h  -ne:ted sealing way 

labeled wLih sample number, s 2 m p l ~  loeatioa, drte mcl S ' p d t U r P  of coll-?cix 

Labora torv Proceeure 

Prior to radiochemical analysis, each sod sample was placed 111 a clxm met?! 
pan and OVZR dried at llO°C After Crying, the samples were weigned The sampk 
was then s:wed through a 10 nesh screerl. Oversize material was weighed arid 
discarded The fine material 'vas weighed and returned to the original sample can 
The caii SUBS rotated on a ball mi11 (without bslls) at 120 rpm for 30 rnmutes. The 
sample was then ccned a t d  quartered and split into two equal fi~ctions. One 
fraction was transferi-ed to a neH tan and labelled with ?he sample nuaber  Ti113 
matzrisl 1s held as reserve sample. The other -13 fraction was returred to the 
original sample can. 

Ten 1-inch steel grinding balls were placed in eacn sample can aFd tne cdn 
was rotated on a ball m l l l  at 129 rpm for at least 4 hours One hundred gran 
aliquots of  the homogeneous fine powder were transferred to plastic bottles and 
la belled. 

All sample aliquots va-e delivered to the independent escrow agent who 
prepared ten gram aliquots for radiochemical analysis The escrow agent submtted 
batches of 23 ltunknowns" to the laboratories. Each batcn included field samples, 
rephcate field samples, synthetic standards, consensus standards and blsnks. 
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A N A L Y S S  OF SOIL FOR PLUTOI'JIU 11 
J 

All so13 samples vere analyzed for pltl:w,:n 2'39 plus 240 a:< ?ttltoniu-r, 23s 
by a rdcixhemical  procedure using alpha particle courtling The metricd of anilysis 
,ias tnat specified in NRC Regulatory Gu~dt  4 5 at, ,ncdifl& An sotopic tr-lcer 
(plutonium 236) LVS added to each sample befo-e d ~ s s h t i o n  io determine chen~cal  
recovery in the separation proceaure Recover,?s detmmined as less than 50% 
t equired sample re-analqsls- Plutonium was solated, purified, electrodeposited 
onto a metal planchet and analyzed by alpca spec',roinet:y. Resu!'s +isre reported 
as disintcgrations per minute 239-240 Pu znd 238 Pu per grain of soil. 
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' 0  

The goal of tho, quzlity plan was ta ass~tlre t'-ii+ dlttn having the htgtii;: 
attainaXe precision and accxicy ,vas obtiinzd in the Intestigstion. Tnis g3 a i  
rzqui,-ed plsr?ned control of all pro3eci elene,its having impact on the mtegrity 3; 
tre data 

It was the rzsponsibdity of tne RockYve2 suo-contractors to pepme and 
utilize complete qualty asshrdnce and quality coatrol prog;rar?s. T'?eae p r o p i n s  
dere reviewed end approved by the Rockwell proj?ci manager. 

A l l  activ,tm ,it the sarnde s i t s  were conducted in d manner to prevent 
dainage to the land and to protect the integrity of the samples Procedures were 
prepared and followed for maintaini?g cnairl of custody of samples from coll&ction, 
through analysis and finally storage. 

Sample identiCication was required to perinit traceability of each sainple and 
its related data from the map site through sample collection, andysis, and 
reporting. The qmlity plan included procedures for sample identification avd 
certification. In order to further blind a l l  samples, ai independent escrow agent 
renumbered all samples from a 1tst of computer derived random numbers. 

The integrity of  all samples was maintained during sample collection, 
packagmg, shipping, storage, preparation and laboratory processing. Sample5 were 
protected to avoid alteration of the chemical composition or other characterlstics 
through contamination or alteration of the sample. 

Al l  equipment used for sample site location, sample collectim and sample 
analysls was checked out and calibrated and maintained w i t h  records of all sucn 
activities kept in permanent log books. Certified standards were used for a11 
call brat ions. 

The 236 Pu isotopic tracer used for recovery determinations was 
standardized against a National i3ureau of Standards standard source. The tracer 
hdd a 238 Pu impurity less than 0.5% alpha activity and a 239 Pu impurity less tban 
0 1% alpha activity. 

All standards used in the radiochemical procedures are traceable io Xaitonal 
Bureau of Standards standards. Radiometric standards were used to determine 
a lpha  counter geometry factors. 

Primary analyses were performed by the Eberline Instrument Corporation 
(EIC), Albuquerque, New Mexico. Qushty control analyses were performed by LFE 
Environmsntal Analysis Laboratories (LFE), Richmond, Cahfornia and Los Alamos 
Scientific Laboratcry (LASL), Ne {J Mexico. 

All three laboratories routinely participate in inter-laboratory cross-check 
The results of these inter- programs conducted by EPA and DOE organizations 

laboratory collaborative programs are published by the sponsoring agency. 

-7- 



AN 4LYTIC AL RESULTS 
* 

The resdts o f  analyses for phtoniur? i n  t’7e 7 1  soil samplss ~ollec:ed i n  

Smzcernber, 1978 on lands sdjacent to tne Eochy Flats Plant are presented in Tables 
I ard Ii and are shown at the actual sample sites on Figures 2 and 3 S k m i n a m s  of 
ti-; sgil data are given irc Tebles I11 end IV. It snould be noted thzi Figures 2 and 3 
a b  include data-obtained for the Rocky Flats land litigation. Conckntritilons 
americium i q  these soil samples have been det..mlnpn a 2 n d  xe a varlable qor l  

Figure 2 gives the plutonium 239 and 240 concentrations in units af 
disintegrations per minute per gram of soil (size fraction less tharl 10 mesh). 
Figure 3 gives the same data converted to units of millicurres per squar? kilometer 
This conversion was performed by multipiymng qm/g by gram weignt of fines ((10 

Changing cnits also required a$ 

Table I presents all the analytical data as reported, including all replicate 
walyses. The data are segregated into the various land parcels, i e., sections 4, 6, 
7 ,  19 and 24. In column 3 o f  Tables I and 11, an assigned value is given for each 
sample site. Tnis value was determined by t&mg the average of all the reported 
analyses for each sample. ?he plutoniclm concentrations in units of mrllicurres pel 
square Uometer (m Ci/km are gven in column 4 of  Tables I and II. 

Table II presents the same data as Table I, except they are listed by 
landowner . 

Tables UI and IV present hstings of the data arranged by land sections 
Included m the tables are number of sites per section, the two highest valtles, the 
two lowest values and the median for each section or portion of a section. 
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SArples arTivcll at ezch laboratory ~n groLps of approxi.natoly tsventy svhlcn 
constluted a batch to be processed as a unit Tr,e 2rimary laborstwy receided f 1 . r ;  

batcnes and the quality control laboratories one epece. Each batch conssted of 
field samples, replicate field SP nples, blanlis consensus st;lndards, and sgntretic 
standards. All samples were indstinysshable but for t n a r  numeric code honn 
only by the escrow elgent. Each batch contain& six quaLty corltrol samp'es; two 
each randomly selected from blanks, synthetic standards, and consensus stmdards 
The analytical resulk for tpese are given in Table V More thcn six srlcn sar;?2!2s 
appear III Eberline batches due to subsequent reruns of field samples n?cess!tated 
primarly by low tracer recovxies. These quabty control efforts were tai!o,-ed 
after the qmhty control program used in the aforerrentioned hcigation. 

The quality control sample results of Table V demonstrate agreement 1wthu-t 
and between the primary and control laboratories The relative few discrepancies 
do not warrant tne cost of resoldtion The results for the two synthetic stmdards 
compare with their fabricated values of 4 2 and 1 2  2. The resdts from tne three 
consensus standards compare w i t h  the results 1 2 ,  5.2, and 0.5 whic5 were 
estabhshed with extznsive analyses in the sistzr litigation program. 

All analyses of field samples including rephcates are given in Table I. These 
results also demonstrate agreement rvithm and between the primary m d  control 
laboratories. Moreover, these results are consistent with the results for adjacent 
land parcels studied m t h e  sister litigation program. These combined results sre 
depicted in Figures 2 and 3. Due to t h e  complexities of sampling and mdytical 
procedures, any smgle result may not be entirely indicative of actual plutonium 
deposition. A good estimate which does indeed characterize a land parcel IS 
obtained by assessing numerous adjacent sites. Such values are the medisns 
presented in Tables IZI h IV. 
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Tne malyi,cat rewits fsr s?i??!?s of so11 Cmn lmds \ \est   hid saut,\ ai tne 

r i C i / ~ r n ~ )  The sail iil S-?ction 9 con:ams p:utoniun i n  the rarge o o p e e n  0 93 2nd 
0.22 d/m/g (1-2 mCi/km 9 SeAims 
21 2nd 22 tne plcltonrum varies $‘om 0 95 io 0 6 1  d/n/g ( 1 4  rnCi/kni 1, with B 
rqzdisn of 0 15 d/m/g (2 mCi/km 1. Section 23 ir4ludes ~31:s containing pl~tomum 
in the r y g e  from 0 03 to 0.28 d/m/g (1-5 mCi/km’) and trie medlsn s 0.10 d l n i ;  (2 
mCi/krn ). Section 24 yerved as .vholt show p h t o r q m  levels botween 0 02 and 
0 3 3  d/m/g (0-5 mCi/km with a nmian o f  0 04 d/n/g (L rnCi/,,rn Ths section 
was dso  subdivided into two parcels, the ncjitheast quarter section ar.d ; ~ e  
remainder o f  tne section. The plutoniurn val-ys for the quarter section fall in tne 
range frfm 0 02  to 0.11 d/m/g (0-3 mCi/!m-), with a median of 0.04 d/rn/g (I 
rnCi/km2) The remainder of  tne section sfions levels f rym 0 02 to 0 33 d/m/g (C-6 
mCi/km ) snd the median value is 0.07 d/m/g (2 rnCi/‘trn 1. It should bo recognized 
from Table IV that the values in rnlllicuries per square tilometzr were r 1 nded to 
the nearest whole number. Values less than 0.5 are indicated as 3 rnCi/’m . 

Rocky Flats Plant indicate low corlzt?iratior L? Section -: t,:e i a q e  
~i froin 0 1 1  to 0 19 d/rn/g (1-3 inCi/kin a ~ ? z d ~ n  of 0.13 d / d g  (2  

l u t o i L u l n  

2 and the median s 0 12 d/m/g (2 r?Ci/un ) 

2 

?2 

In summary, tnere are no plutonium concentrations in soil froin Sections 3,  
9, 21, 22, 23 and 24 greater than the Colorado Guideline o f  2 d/m/g. Likemsa, the 
mzlytical results show that there are $a levels in these sections greater than the 
EPA Proposed Guideline of 200 mCi/km . 

Samples of soil from Sytion 19 contain plutonium m tne range betnpn 0 14 
and 2.0 d/m/g (2-35 mCi/km with a median of 0.7 d/m/g (10 mCi/km 1. One 
sample with a concentrstion of 2.0 d/m/g 15 thus equal to the State Guideline but 
does not exceed it or the EPA Guideline. 

Section 7 was sampled at 232~ites. The results show plutonium levels f r y  
0 28 to 7.6 d/m/g (6-118 mCi/km with a median of 1.4 d/m/g (29 mCi/km’) 
Considering t!y south half of tne section, the range of  values is 0.392to 2.5 d/m/g 
(9-60 mCi/km ) with the median value at 1.4 d/m/g (29 nCi/km 1. There 1s 
therefore one saryle in t h s  half section with a plutonium concentration of 2 5 
d/m/g (60 mCi/km ) whch  exceeds the Colorado Guideline but not that of the ETA. 
Since the median characterizes the parcel more completely than m mdividual 
sample, it is proposed that the half s e p o n  should be evaluated on the bass of the 
median value of 1.4 d/m/g (29 mCi/km 

The north half of Sectpn 7 shows plutonium concentrations betw5;n 0 28 
and 7.6 d/m/g (6-118 mCi/krn with 2 vodien o f  1 4  d/m/g (33 ~Ci , ” - .x  ) T:io 
samples produced results greater than the Colorado Guideline, but less than the 
EPA Proposed Gupance. The same argument for considerrng the median of 1 4  
d/m/g (29 mCi/km shogld be applicable in thls land parcel. 

Soil samples were collected at 20 locations in Section 6 The results as 
sun.mE!rlzed in Table IV, sho etween 0 05  
and 3.2 d/m/g (1-79 mCi/km ) with a median of 0.11 d/m/g (2 rrCi/km ). The north 
hcllf section had 13 sarnpies ,and tne p!uionldnl ccnceni?ittoris fall in ;ne i.in.;e irorrl 

?luto?iurrr ccncentr?t 0“s I n  th? rang? Y 2 
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2 2 0 05 and 0 3 1  d / m / g  (1-6 nCi/krn ) v i t h  a n e d t o n  of 0 I1 d/n/g (2 mCi/mi 1 
These vald3s are below boin-‘the Colc~rsCo Cuidz!lne and tre C?A Gurdit:ce Tn-J 
south half sectim pwduced pliiioniun concentrations in t’2 range m m  3 O ?  to 3 2 
d/.n’g (1-79 mCi/L\m‘) and tne m e d m  IS 1 1  d/T/g (24 rn:i/’-m O w  saz-1~12 
contalrxd 8 !we1 of  plutonium great- tna? tne Colo~%do Guideline but I e s  tn,tr, 
tne EPA Gulaeline The median wdue which characterizes t’x ia!f sectlm 1s anl)’ 
1 4 dlml;: m-1 IS less t;lan the g!rdel*ne. 

1 

T P ~  data on pluionim concentrations i? sail and air sampks coll~cted fro-1 
lsr& involved in litigation hj. re been evsliiated by the Inhslstion Touicokg) 
Resedrcn Listitute in Albuquerque, New “JSYKO A report znLt1ed t’Delcend;ln t ,  
Anslysis Of Health Rsks” has been sdbrnitied ab an exhioit to U S. Diskict Co~r t  L? 
Denver, Colorado T k  conclusion of this rzpoit JS as follows 

Potential rauiation doses to people hading unrestrictsd use of lsnds 
near the Rocky Flats boundary line have been estimated usipg 
different exposure models a d  differerlt szts of environmental 
measurements. All of the agproaches described above yelded sim l l x  
results in estiqating the radation doses and in projec:?ng the 
probabilities for human health injury Tns most importai:t r i s e  io 
people from exposures to plutoniua and americiun are potentis: 
increases m their incidences of lung, bone and liver related cancers. 
The probabilities for deaths due to cmcers ranged betfleen 1 and 3 
per hundred mrl1:on persons per yew. Thls level of risk was shown to 
be small in cornparson to the rsks from exposures to natuially- 
occhrring radionuchdes and other natural background radiations 
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TABLE I 

RESULTS OF TESTIYG FOR 

PLUTON!U?I COXC EYTRATIO N 

IN NEIGHBORING LANDOWNERS’ SOIL 

LISTED BY SECTION XUhIBEEI 

* 

*- 
Deslgnates LASL Results (in d/m/g 5 d/m/g error) 

Desigpates LFE Results (in d/rn/g 2 % error) 

All Others are Eberhne Results (in d/m/g 2 d/rn/g error) 
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2 
FlCl/Ain 

201 0.09 + 0 02 0 11 1 18 

0 13 + 0 0 1  

202 

292 

0 13 - + 0 0 2  0 13 

0.17 

2 28 

2 55 0.17 - f 0 02 

0.17 - + 0 03 

204 0.14 - + 0 02 0 16 2 24  

0.15 - f 0.01 

*O 162 - + 0 02 

**0.11 + 37 - 
LO5 0.10 - + 0 0 1  0 11 2.01 

0.12 - + 0.02 

*0.102 - + 0.01 

**0.12 - + 8 

236 0.19 

0.25 

2.54 

4.58 

0.19 + 0 0 1  - 

SECTION 6 

207 0.20 - + 0.02 

0.30 - + 0.02 

0.11 - + 0.01 208 

809 

210 

0 11 

9.16 

0.10 

2 . 2 1  

2.75 

2.08 

0.16 - + 0.01 

0.10 - + 0.01 

0.09 - + 0.01 

*o 091 i- 0 0 1  - 
**0 10 f 9 - 
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0 12 - 0 02 - 211  0 12 

n 11 

2 :rl 

1 9 7  212  0 0 6 + 0 0 2  - ' 

0 1s - + 0.02 

0.18 0 05 - 213 0.18 

0 23 

0 07 

0 34 

3 54 

3 4s 

1 55 

5.89 

& A  ?11 A 0 23 - + 0.02 

215 0.07 - + 0 01 

216 f! 05 - f 0 .04  

0.12 - + 0.01 

0 .11  + 0 .02  - 
*1 33 0 07 - 

**0.10 - + 9 

0 35 + 0.07 - 217 0.28 4.45 

0.25 + 0.02 - 
0.25 - + 0 .02  

*0.308 - + 0.02  

**0.220 + 6 - 
21.8 0 06 - + 0.01 0 05 1.05 

0.04 + 0 01 - 
0.02 + 0.01 - 21 9 0.06 1 31 

0.10 - + 0.01 

220 0.08 - + 0.02 0.08 

0.09 

1.76 

1 71 221 0.09 - + 0.01 

SECTION 7 

0.48 + 0.04 - 222 0.48 

0 69 

9.54 

12 85 0.61 + 0.06 - 223 

0 76 + - 0 .03  
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0 SO 22 4 0 61 + 0.07  

0.55 + - 0.02 

- 
d 

11 4s 

33.06 1 54 + 0.14 - 2 23 1 67 

1.77 + - 0.08 

1 89 + - 0 06 

* 1 . 7 1  - - 0.07  

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

0 so 17 45 

5.96 

29.22 

25 .  ao 

32.92 

0.80 - f 0 04 

0.28 + 0.02 - 0 28 

1 72 + 0.08 - 1 72 

1.16 1.16 + 0.06 - 
1.34 + 0.08 - 1 53 

1.58 + 0.20 - 
1.29 + 0.05 

Y.53 - + 0 .04  

- 

**1.93 - + 5 

118.12 10.7 + - 0.5 7.56 

4 . 4  + 0.2 

1.67 + 0.06 - 1.67 

2.46 

34.51 

44.28 1.86 + 0.10 - 
2.16 + 0.12 - 

*3.13 + 0.11 - 
**2.67 - + 5 

32.59 

25.13 

1 66 + 0.09 - 1.66 

1.31 1.31 + 0.10 - 

SECTION 19 

0 . 4 2  0 02 + 0.01 - 236 0 02 



238 

243 

244 

245 

239 

240 

241 

242 

0.10 - 0.02 
0.03 + 0 O L  a 

0 04 + 0 0 1  

'0.015 0 .004  

- 237 

- 

- 

- 
**0.034 + 13 - 

0 04 + 0 0 2  

0 04 + 0 . 0 1  

0 . 0 4  + 0 01 

0 01 + 0 01 

0 05 + 0 0 1  

0.07 + 0 0 2  

0 .18 + 0 01 

0.05 + 0.02 

0.01 A. 0.01 

0 .03  + 0.01 

0.02 + 0.01 

*0.029 + 0.007 

- 

- 
- 
- 

- 

- 

- 
- 
- 
- 
- 

- 
**0.029 + 18 - 

0.08 + 0.01 

0.03 + 0.01 

0.40 + 0.05 

0.33 + 0.02 

- 
- 
- 
- 

24s 0.08 + 0.02 - 
0 07 + 0.01 - 

0 04 

0 0 4  

0 os 

0 03  

0 13 

0.03  

0.08  

0.03 

0.37 

0.08 

0 52 

0 77 

0 92 

0.73 

2 42 

0 s 3  

2.06 

0.75 

5.41 

1.63 

247 0.14 + 0.01 - 0 14 2 84 
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?43 0 05 + 0 . 0 3  - 
I 

0.03 - + 0.01 

0 05 I 00 

0 06 0 01 - 
‘0 047 + - 0 007 

**0 056 + 13 - 
249 0 05 + - 0.01 

0.06 - + 0 .01  

250 0 0.1 - + 0 . 0 1  

0 9G 1 40 

0.04 

0 43 

0 91 

5 .51  25 1 0.42 - + 0.04 

0.44 + 0 .03  - 
252 0.45 - + 0.06 0.60 

0.63 

10 49 

0.74 - + 0.07 

12.19 ’ 253 0.63 - + 0.04 

SECTION 24 

254 0.06 + - 0.02 0.09 2 03 

0.11 + 0.01 - 
255 0.03  - + 0.01 0.03 0 74 

0.05 - + 0.01 

0.03 - + 0.01 

*0.033 - + 0.007 

**0.026 - + 17 

0.02 

0.04 

0.02 

0.59 

0.90 

0.46 

256 0.02 + 0.01 

257 0.04 - + 0.01 

258 0.03 - + 0.01 

4 0  01 

0.03 + 0 t)i - 25 9 0 03 0 S? 
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162 

26 I 

262 

253 

234 

265 

266 

257 

258 

269 

270 

27 1 

0 03 4- 0 e1 

0 .03  -r 0.01 

- 
4 

- 
0.10 7- 0 02 - 
0.11 + 0.0i - 
0 05 + 0.01 - 
0.07 f 0.01 - 
0.04 + 0.01 - 
0.06 + 0.02  - 
0.08  J. 0 01 - 
0.11 + 0.01 - 

*o.on + 0.007 - 
"YO 06 + 10 - 

0.12  + 0 .02  - 
0.16 - + 0.02 

0.17 - + 0.02 

0.10 + 0.04 - 
0 . 1 2  + 0.02 - 
0.07 + 0.01 - 
0.10 - + 0.01 

*0.082 + 0.01 - 
**0.09 + 10 - 

0.09 + 0.01 - 
0.43 5 0.06 

0.34 - + 0.03  

0.07 - + 0.02 

0.08 - + 0.01 

0 03 

0 c 3  

0 I1 

0 05 

0 06 

0 03 

0.12 

0.17 

0 09 

0.09 

0.39 

0.08 

0 59 

0 $1 

2 74 

1.15 

1.46 

2 41 

2 71 

4.22 

1.89 

1.73 

6.12 

1.96 
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RESULTS OF TESTING FOR 

P LU T 0 N 1 U &I C 0 N C E NT R AT10 N 

I N  NEIGHBORING LANDOWNERS' SOIL 

LISTED BY LANDOWNER 

Designates LASL Results (in d/n/g - d/m/g error) 

Designates LFE Results (In d/m/g - + 5% error) 

L - 
** 

All Others Are Eberline Results (in d/m/g - + d/m/g error) 
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Pu-239 
An &!> S'S 

K F F C O  AIR ?ARK ASSOCIATLS, SZCTIOX G 

207 

2cs 

212 

213 

217 

21 8 

0 20 + (J 02 - 
0 30 - 0 02 

8 11 - 0.01 

0 06 - + 0.02 

0.15 - 0 02 

0 13 - + 0.02 

0 35 0.07 

0 25 + 0 02 

0.25 - + 0.02 

*0.308 + 0.02 

- 

- 

- 
"*0.220 - + 6 

0.06 - + 0.01 

0.04 f 0.01 - 

MARGARET I. SANDERS, EXECUTRIX, SECTION 6 

209 

214 

21 9 

0.16 + 0.01 

0.23 + 0.02 

0.02 + 0.01 

0.10 f 0.01 

- 

- 

- 
- 

JOHK H. SHUTTLEWORTH, JR., SECTiON 6 

210 0.10 + 0.01 

0.09 f 0.01 

*o  231 -r 0 01 

- 

- 

- 
""0.19 - 9 - 

0 25 4.55 

0 11 2.21 

0 11 1.97 

0.18 3.54 

0 28 4 45 

0.05 

0.16 

0.23 

0.06 

0.10 

1.05 

2.76 

3.46 

1.31 

2. os 



2 1 1  

215 

216 

0 1 2  + 0 01 

0 1 1  + 0 .02  

- 
- 

"1 33 7 0.07 - 
**o 1 0  9 - 

STEPHEN P 

220 

& CHERYL A. KAATZ, SECTION 6 

0 os + 0 .02  - 
221 

CITY OF BROOMFIELD, SECTION 7 

222 

223 

224 

225 

226 

227 

228 

229 

0 .09  7- 0 01 - 

0.48 + 0 04 

0 61 + 0.06 

0.76 + 0.03 

0.64 + 0.07 

0 .55  + 0 .03  

1-54 + 0.14 

- 

- 
- 
- 
- 
- 

1 89 - + 0 06 

*1.71 + 0.07 - 
**1.44 + 5 - 

0.80 - + 0.04 

0.28 + 0.02 - 
1 - 7 2  - + 0 .08  

1.16 + 0.06 - 

0 12 

0 07 

0 34 

0 08 

0 09 

0.48 

0.69 

0.60 

1.67 

0 80 

0.28 

1 72 

1.16 

2 44 

1 55  

5.89 

1 76 

1 . 7 1  

9.34 

12.85 

11.45 

33.06 

17.45 

5 96 

29  22 

25.80 
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1 3L: J. 8 03 - 1.53 32 92 

*1 53 - f 0 .04  

"1 93 7- 5 - 
1 0 7 + 0 5  - 2 3 1  

7.56 118 12 

4 . 3  + 0 2 - 
23 2 

233 

1.67 + 0 05 - 1 67 

2.46 

34.51  

44 .28  1 86 + 0 10 

2 .16  + 0 12 

*3 1 3  0 1 1  

- 

- 

- 
y x 2  67 + 5 - 

234 

235 

1.66 + 0 09 - 1.66 

1.31 

32.59 

25 .13  1 .31  + 0.10 - 

AUBREY E. & CORA E. LADFVIG, SECTION 19 

239 

240 

0.04 f 0.01  

0 .01  f 0.01 

0 . 0 5  f 0.01  

0.07 + 0.02 

0 .18  f 0 01 

0 .40  + 0 .05  

0.33 + 0.02  

0.08 + 0.02  

0 . 0 7  f 0 0 1  

0 .14  + 0.01 

0.42 -I- 0.04 

0.44 3 03 

- 

- 
- 
- 241 

- 

- 245 

- 
- 246 

- 
- 247 

- 

- 

0.04  

0.03 

0 . 9 2  

0 . 7 3  

0.13 2 .42  

0.37 5 .41  

0.08 1.63  

0 .14  

0.43 

2 84 

5 .54  
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252 

253  

0.15 - 0 06 0 60 
/f 

0 71 2- 0 0': 

0 63 - .L 0 04 

- 

0.63 

TWIN LAKES JOINT VENTURE, SECTiON 1 3  

0.04 233 0 os - 0.02  - 

243 

242 

235 

237 

244 

0 04 r 0 01 

0 08 A - 0.01 

- 
0 08 

0.03  0 0 5  - A 0.02  

0.01 + 0.01 - 
0 03 A 0.01 

0.02 + 0.01 

- 

- 
"0.029 + 0.007 - 

**0.029 + 18 - 
0.02 

0.04 

0.02 + 0.01 

0.10 A. 0.02  

0.03 + 0.01 

- 
- 
- 

0.04 + 0.01 - 
*O 016 + 0,004 - 

**0.031 + 13 - 
0 .03  + 0.01 - 

ALKIRE INVESTMENT COMPANY, SECTIOX 19 

248 0 .05  + 0.03 

0.03 A 0 01 

- 
- 

0 06 f 0.01  - 

0.03 

0.05 

0.77 

2-05 

0.53 

0.42 

0.82 

0 75 

1.00 

*0.047 + 0.007 - 

c 
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250 

0 95  + - 0 G1 O.OG 1 40 

0 . 0 3  - 0 01 

0 3 1  - - 0 01 0 04 0.91 

V/ILLIAM J. FORTUNE CC JOHX A 

254 

FORTUSE, TRUSTEE, SECTiOlV 24 

0.09 2.03 0 G5 + 0 02 

0.11 + 0 01 

- 

- 
0 33 - A. 0.01 0 02 235 

0 05 + 0 01 

0 0 3  A 3 01  

*o 033  0 007 

- 

- 

- 

0.74 

256 

25 7 

25 8 

26 3 

264 

**I) 026 A 17 - 

0.02 - + 0.01 0.02 , 0.59 

0 .04  - + 0.01 0.04 0.90 

0.03 - + 0.01 0.02 0.46 

CO.01 

0.05 - 0.01 0.05 1.18 

0.07 - + 0 .01  0.06 1.46 

0.04 - + 0.01 

GLENN YOUNG & COMPANY, SECTION 24 

259 0.03 - + 0.01 0.03 0.87 

260 0.03 - + 0.01 0.03 0.59 

26 1 0.03 - + 0.01  0.03 0.71 

262 0.10 - + 0.02 0.11 2 .74  

0.31 4- 0.01 - 
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265 

26 6 

257 

268 

269 

270 

27 1 

0 03  2 .!I 0 01, - 0 02 

o n3 - + o 0 1  

0 11 0 0 1  

*O 078 + 0 007 

- 

- 
‘*O.OS -r 10 - 
0.12 - + 0 .02  0 12 

0 17 0 16 - A 0 .02  

0 17 - + 0 .02  

0.10 - + 0.04 0.09 

0 12 + 0 . 0 2  - 
0 07 + 0 01  

0 10 + 0 . 0 1  

*0.082 + 0.01 

- 

- 

- 
**0.09 + 10 - 

0.09 + 0.01 0 .09  - 
0 43 + 0.06  0 .39  

0 .34  + 0.03 

- 
- 

0.07 - + 0.02 0.08 

0.08 + 0 .01  - 

EDWARD J. dc MARGARET MARY HOGAN, SECTION 4 

20 1 0.08 + 0.02 0.11  - 
0 .13  + 0 . 0 1  

0.13 + 0.02 0 .13  

0.17 + 0 .02  0.17 

- 
- 202 

203 - 

204 

0 .17  - + 0 . 0 3  

0 11 + 0 of! - r3 16 

2 7 1  

4 22  

1 89 

1.73 

6.12 

1 96 

1.18 

2.28 

2.55 

2 34 
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LGCdtlCNl No o f  Sites H i p  Values 

Section 6 
North half 
South half  

Section 7 
North half 
South half  

Section 18 

Section 19 

Section 21 
Northeast 
Quarter 
Rem under 

Section 23 

Section 21 and 22 

Section 9 

Section 4 

Background 

20 
15 

5 

23 
14 

9 

14 

18 

3s 

18 
18 

21 

14 

8 

6 

5 

3 2, 1.8 
0.34, 0.28 

3 2 ,  1 . 3  

7 5, 2.5 
7.6, 2 . 5  
2.5, 1.9 

3 _ 0 , 1 3  

0 . 8 3 ,  0.60 

0 . 3 9 ,  0.17 

0 .11 ,  0.09 
0 .39 ,  0.17 

0 . 2 8 ,  0.18 

0.61, 0.24 

0 . 2 2 ,  0 .18 

0 . 1 1 ,  0.17 

0 . 0 7 ,  0.06 

Low Vzlues Median 

0 05, 0.06 0.11 
0.05, 0.06 0 11 
0 07, 0.09 1 1 

0.28 ,  0 .39 1 4 
0.28, 0.48 1 4 
0.39, 0.87 1.4 

O.lI? 0 .18  0 . 7  

0.02, 0 .03 0.07 

0.02, 0.02, 0.04 

0.02, 0.02 
0.02, 0.02 

0.03, 0.03 

0.05,  0.07 

0.05,  0.07 

0.11, 0.11 

0.02, 0.05 

0.04 
0.07 

0.10 

0.15 

0.12 

0.18 

0.05 



Location 

Section 6 
Nor ih half 
SOUL! h a l f  

Section 7 
North half 
South half 

Section 18 

Section 19 

Section 24 
Northeast 
Quarter 
Remainder 

Section 23 

Section 21 and 22 

Section 9 

Section 4 

Background 

TABLE IV 
3 

No. of Sites 

20 
15 
5 

23 
14 

9 

14 

18 

36 

18 
18 

21 

14 

8 

6 

5 

Hizh Valws 

79, 38 
6,  5 
79, 38 

118, 60 
218, 44 

60 ,  40 

38, 27 

12, 10 

6, 4 

3 ,  2 
6, 4 

6 ,  3 

6,  4 

3 ,  3 

hI;d tan 

2 
2 
24 

23 
25 
29 

10 

2 

1 

1 
1 

2 

2 

2 

2 

2 



TABLE V 
3 

QUALITY CONTROL RESULTS PLUTONIU?i 253 ~n d i m l g  

1 2 

Blanks 0.05 0 03 

0.05 0.05 

0 05 0.04 

0 03 0.03 

Synthetic 4.23 
Standard 3.72  

Synthetic 12.1 9-09 
Standard 12.0 11.0 

12 15 
12.0 

Consensus 2 , 64 
Standard 1.56 

Consensus 8.35 4.94 
Standard 5.36 3.92 

Consensus 0.59 
Standard 0.54 

Eber line LASL 
3 

0 06 

0.03 

0.02 

0.01 

4.29  
4.27 

11.5 

5.24 
9.59 

0.89 
0.45 

- 4 3 

0.03 0 .02  0 .024  

0.06 0.03 0.018 

0.01 

4.34 3.88 
3.71 4.20 

1 2 - 3  
12-14 

1.12 1.17 
2.46 1.34 

6.21 
6.13 

0.39 
0.50 

LFE 

0.022 

0.037 

7 44 

10.9 

3.70 

10.5 

\ 

0.135 

23.4 

0,497 0.48 



a 

a 

T h i s  Disclosure i s  made t o  t h e  City of Broorofielc? ("City") 

pursuant t o  paragraph 3.6 of the Settlement Agrement entered ir.tc or 

December 1 4 r  1984r  and approved by the United States U s t r f c t  CoLrt 

for the District o f  Colorado on December 17 , 1 9 8 4 ,  i n  C i v r l  Actior 

Nos. 75-f4-1162 and 7S-H=1236. The C i t y  is  a third-party tenefxrclq 

t o  the Settlement Agreement. This, Disclosure also  satisf ies  the 

requirements o f  paragraph 1 . d  of the proposed Agreement Dctweer, the 

C i t y ,  the  Department o f  Energy ('Department') and Bockwel: 

International Corporation ( "Rockwal l ' )  

The purpose of t h i s  Disclo8urtk is to set  forth caters21 

facts  necessary t o  f u l l y  anform the City abut t h e  amounts 02 rzaO- 

active materials tspclfically plutonium and amarictum) released frcr 

the Rocky P l a t .  Pl& ("Plant') and preaent on the land8 to tu trars- 

ferrea) to the City at awing 09 the S.ttfgl .nt  Agreement. The lands 

to be ttansferted to  the City at closing of the SettLment Agr-ent 

I r e  imm.dirtaly east of  the P l a n t  and consist of two parcels referrec 

to herein a8 (1) t h a  Great Western Venture p r o a l  which lie8 i,me&- 

atcly north o f  the C i t y ' s  rczrervoir property and ( 2 )  the northern 

Fortion of the Ackard-Butler p r o p r t y  which lies immediately S O L I  o f  

t h e  City's reservoir property. 



e 
The D i s c l o s u r e  addresses federal and state  plutonaum-,r- 

s o i l  guidance and stadards; a n a l y s e s  of s o i l s  on the l a n t s  t o  kc 

transferred t o  t h e  Cfty; the h e a l t h  risks associatad w i t h  the pres- 

ence  o f  plutonium and americium on those l a n d s ;  and epidemiologrc 

studies r e l a t i n g  t o  releases of  plutonium and americ iun f r o n  t h e  

Plant .  Also i n c l u d e d  an this d i s c l o s u r e  i s  a bibliography of publ~- 

c a t i o n s  and documents that  aadress t h e s e  matters i n  more tetailed and 

t e c h n i c a l  terms,. 

It is required under t h e  terns of the Settlement Agrement 

t h a t  t h e  l a n d s  t o  be t r a n s f e r r e d  t o  the City shall be used for o p x  

spa- or reservoir expansion purposes only. For this reason, it &s 

e x p e c t e d  that few p e r s o n s  would occupy these lands f o r  any srgnafi- 

c a n t  p e r i o d  of time. Thus, whale t h i s  disclosute addresses tne 

h e a l t h  risks r e s u l t i n g  from the  p r e s e n c e  of plutonium and merzcza 

t o  " p u t a t i v e "  p o p u l a t i o n s  occupying such lander it is not sLgqezted 

that c o n c e r n s  over exposures  of large populations t o  these nlaterrds 

s h o u l d  b e  t h e  focu8 o f  the City 's  d e l i b e r a t i o n s  on tkis Fat ter .  

Father, t h e  discu8sion hezein on risks t o  large poFulationh should be 

viewed as a stateaent t h a t  when t h e  maxim effects t h a t  a n  be iec- 

sonably postulated a8 a result of the ptesancs of  these materials in 

the measured quantities are considered, the effects are so sad1 that 

they cannot k s c i e n t i f i c a l l y  measured. It follows that  i n  the con- 

text  of the us. t o  which the City w i l l  plt them lar.da, the risks t o  

the small number of p e r s o n a  who may occupy t h e  l a n d s  f o r  s h o r t  

periods of tame are so small that they c a n  be disregarded,. 

-2- 



Expansion of the reservoir us ing  soae of the transferrec 

lands l i k r w i s e  should'hot be viewed as a basis for increases i n  racr- 

a t i o n  exposures t o  u e r s  of the C i t y ' s  water supply because sucrr 

exposures have already been shown to be i n s i g n i f i c a n t ,  and expansion 

of the reservoir can only reduce exposures. It is most important t o  

consider the fact  that w i t h  tespct  t o  exposures of Fcrsons t o  ewr- 

ronntntal plutonium and americium from the P l a n t  through any pathway 

(whether directly from s o a s  or  through the water systems), these 

e.uposures are o n l y  a small fraction of the exposures rcsultmq fccn 

mturally occurring radionuclides such as radium and i t s  daughter  

FrOdUCtS. Bibliography NO. 1. 

I. Plutanfum in So-e and St- 

Currently applicable federal rcgulaticm for off-site con- 

centrations of materials such as p l u t o n b n  arc fomd i n  *.e Coc'e or' 

Federal Rcqulatrorw at 10 C.F.R. Part 20. EIowCVtl:, them requlaticns 

specify tadaation dose limits and air conantration limats that CZR 

be related t o  SOU ooncentrati- only indirectly. The Unrted States 

Cnvironmental Protection Agency ("ERA.) has propsed guidance on ?ose 

l i m i t a t i o n s  for persons exposed t o  transuranium eluaents, rnJu&r.g 

p lutonium and americium, in tha pneral envirorwnt. The EFA's pro- 

posed guidance does not sFecify limits on s o i l  concentraticns o t  

these ellunts ,  but does establish "screening levalrr. for these m a t e  

rials  i n  soils. 

The State of Colocado has adopted a "plutonfm-in-soiln 

standard that l imats  conantrations of t h i s  material i n  soils and 
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requtres that, a t  levels tsyond the l i m i t ,  special  procedures oe 

employed if construction act ivi t ies  are undertaken. The Colorado 

standard wam promulgated under the authority of the Colorado State 

Eealth Department, which, under Colorado law, has exclusive authority 

t o  deal with  matters of radiation protection and t o  advise local FV- 

ernmental entities w i t h  regard t o  such matters. 

A .  

Recommendations on l i m i t i n g  dose rates t o  persons ir. the 

general population exposed t o  transurarum elaients were tievelored ky 

the Environmental Protection Agency (EPA) under autnority o f  the 

f omer federal Padiation Council ,  which was established by Executrve 

Order 10831 and Public Law 86-373 ( 4 2  U.S.C. 2 0 2 l ( h ) )  8 and trans- 

ferred t o  the Environmental Protection Agency by Paotgadzation Plan 

No. 3 of 1 9 7 0 .  These require that  the Administrator o f  tne 

Environmental Protection Agency '. . . advise the Fresident wrtri  

respect t o  radiation matters, directly or ir.directly a f f e c t r r g  

health, i n c l u d i n g  guidance for all Federal agencies i n  the fomlrle- 

t i o n  of radiation standardsr and i n  the establishaent and emcutLon 

o f  programs of cooperation with States." There recamendations and 

proposed guidancm were published i n  the &&gal on 

Novamber 3U, 1977, and tdvised in accordance w i t h  cements recervea 

i n  resporm8 t o  the notice. The EPA haa not yet fo&ly prcanulqated 

the p r o p m i  guidance. 

The tex t  o f  the Proposed Guidance (Bibliography No. 2 )  

s t a t e s  that  i n  order t o  a s ~ u r e  the protection of persons i n  the 
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g e n e r a l  populat ion by l i m i t i n g  t h e  r a d i a t i o n  doses that an indivicual  

i n  a cr i t ica l  segment o f  t h e  p o p u l a t i o n  may receive f r a a  concentra- 

t i o n s  of  t r a n s u r a n i u m  e l e m e n t s  p r e s e n t  above  average  backqround 

l e v e l s  i n  the g e n e r a l  environment ,  the f o l l o w i n g  recommendations 

s h a l l  apply f o r  the guidance of Federal Agencies: 

1. The annual  alpha r a d i a t i o n  dose  rate t o  menhers 

o f  t h e  cr i t ica l  s e g n c n t  of t h e  exposed population as t h e  result  

of e x p o s u r e  t o  t ransuranium e l e m e n t s  i n  the general e n v i r o m e r t  

should n o t  exceed either:  

a. 1 mrllrrad per year t o  t h e  pulmnary lung, 

or 

b. 3 m l l i r a d  per  year t o  t h e  bone. 

These dose rates are based upon further p r o j e c t i o n s  whick evaluate 

the p r o b a b i l i t y  t h a t  t h e  exposed population w i l l  develol; such health 

effects as a n c c r  and g e n e t i c  defects. A t  or kclaw these close rates, 

the EPA conc luded t h a t  t h e  r i s k 8  of such effects i n  errpose< poplz-  

t i o n  would b e  no  greatet than one i n  one  m i l l i o n  per person ~ e r  

year. 

Appended t o  t h e  P r o p o s e d  G u i d a n c e  in Annex V are the 

pethods by which th8 Proposed G u i d a n c e  may b e  implemented. S O L  

s c r e e n i n g  is one method. Inherent m its a p p l i c a t i o n  i s  the  asaunp 

t i o n  that 8oit  c o n t a m i n a t i o n  by tran8uraniuaa e l e m e n t s  w i l l  Cause 

r a d i a t i o n  exposure through pathways such ad inhalation of resuspended 

s o i l ,  i n g e s t i o n  o f  food gram on the l and ,  and ingestion of drink1r.c: 

water c o n t a m i n a t e d  by s o i l  r u n o f f .  The s o i l  s c r e e n i n g  levels are 



based upon mathmatid r!idelS which project  the re la t ionship  ktween 

soil c o n t a m i n a t i o n s  bf t ransuranrum e l e m e n t s  and human exy.osures.  

The s c r e e n i n g  level is the t o t a l  t ransuranium elanent concentration 

i n  t k e  t o p  1 QD of soil. Levels of contamination tdcw gofi screen- 

i n g  levels are amsidered unlikely to  lead t o  do84 rates i n  excess c f  

t h o s e  rccommendtd by the Propsed Guidance. Thug, lands w i t h  c o n t m  

r n a t i o n  l e v e l s  l e s a  t h a n  t h e  s o i l  s c r e e n i n g  level o f  200  rCi/kcz 

( n i l l i c u r i e s  per square krlometer) are considered suitable for nomal 

human a c t i v i t L e s ,  i n c l u d i n g  residential  and agricultural use. I'cno 

of the l a n d s  t o  be t r a n s f e r r e d  t o  the City has contaaunation levels 

approaching  t h e  s c r e e n i n g  l eve l .  

The EPA has assessed the presence o f  plutonzmn and meri- 

cium on l a n d s  a d j a c e n t  t o  the Plant. Bibliography No. 3 .  T t i s  

a s s e s s m e n t  was c o n d u c t e d  by t h e  EPA a t  the r e q u e s t  of va i icus  

Colorado o f f i c i a l s  d u r i n g  the promulgat ion of the Propsed Guidance 

specifically t o  addre88 the question o f  whether there tre s ip i t rcac t  

h e a l t h  hazards as a reault of the ptesence of plutonium and zmx:crc 

on l a n d s  a d j a c e n t  t o  the P l a n t .  Eased upon data obtaincd frcm fee- 

eral a g e n c i e s  a n d  the State o f  Colorade, the EPA concluded that the 

dose l i m i t a t i o n s  in t h e  Proposed Guidance had not been exceead on 

any off-site land8 and that the Lands of:-site of the P l a n t  were 

suitable t o t  all normal u e s ,  including aqrscultural and residential 

use. 



Tho ColoradocDcpartment of Health has promulgted a stan- 

dard f o r  p r o t e c t i o n  against e.pposure t o  radiation during c o n s t r u c t ~ o n  

ac t iv i t i es .  ( S t a n d a r b  f o r  P r o t e c t i o n  Against Radiation, 6 C.C.R. 

1007-lr pp. 1-9# 160 (1978)). B i b l i o g r a p h y  No. 4. This standard 

establishes a sorl contamanation level  f o r  plutonLun a t  2.0 d / d q  . 
r d  r/ 

-+E*, ( d i s i n t e g r a t l o n s  per minute of plutonium per gram of  dry s o i l )  o r ,  

G . O 1  microcuries Far square meter. 
6& q4 microcuries per square rreter - -  - 

i s  e q u i v a l e n t  t o  1 0  millicuries per square kalomcter.  However, 

because t h e  EPA and Colorado use dafferect samplmg dimensions, ~t is 

n o t  posstblo t o  d i r e c t l y  compare t h e  EPA guidance and the Colorado 

standard.)  The r e g u l a t i o n  i s  i n t e n a d  t o  p r o t e c t  persons, prrmarllg 

1 -- c o n s t r u c t i o n  personnelr exposed to  plutoniun-contamirated s o i l  durlrig 
I 

c o n s t r u c t i o n .  Tbe plutonium soil standard is implmented through the 

"suggested i n t e r i m  guidance for evaluation" provided by the Coloradc 

Department o f  6 e a l t h  t o  local governments i n  t h e  exercrse of their 

l a n d  use powers under C.R.S. 1973, 30-28-133. If so i l  samplinq rnci- 

cafes that  c o n c e n t r a t i o n s  i n  excess  o f  the standard e x i s t ,  c s p c r c J  

review zechanism i s  tr iggered t o  e n s u r e  t h a t  c o n s t r u c t i o n  on the 

parcel take8 a c c o u n t  o f  t h e  plutonium a m c a n t r a t i o n  present and u t i -  

l i z e s  spacial t a c h i q r w s  (e.q.r dust  reduction, thorough wetting dcwn 

of  tho oowrtructfurrslte) . The r e g u l a t i o n  t h e r e f o r e  r q u r e s  only 

special c o n 8 t r u c t i o n  t c c h n i q w s  and doe8 not prohibit developjant or' 

the lands.  

4 .  - 
- 
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Cf t h e  l a n d s  t o  b e  t r a n s f e r r e d  t o  t h e  C i t y ,  o n l y  tne 

n o r t h e r n  p o r t i o n  of h a  Ackard-Butler wrcel contains concanttations 

of p l u t o n i l m  i n  e x c e s s  of the Colorado standard. &?cuever, w i t h  COIE- 

p l e t i o n  o f  the  renedial action program, concantrations on this Farce1 

w i l l  b e  reduced t o  levels a t  or below the state standard.  

11. Analvsfs of S u o n  P l w f r i  # tands 

The s o i l  t e s t i n g  program conducted by Pockwell on Greet 

Western Venture and A c k a r d - B u t l e r  l a n d s  i n  1977 revealed that the 

amounts of Flutonrun and americrun c o n c e n t r a t i c n s  on t h o s q  l c r d s  
ate& '. ranged from l e v e l s  below background t o  as mu& as two or e s'of -25- - c 

nrtude above background. "Background" levels were est-ahlished frcn 

samples t a k e n  a t  l o c a t i o n s  remote from t h e  P l a n t .  These l o c a t i o n s  

were s e l e c t e d  by t h e  S t a t e  o f  C o l o r a e o  f o r  t h i s  p u r p o s e .  

B i b l i o g r a p h y  No. 5 .  

From t h e  data, it is  s e e n  t h a t  t h e  Church ,  Actcard-ktler, 

and Great Western promrtics on the east boundary of  the Plant hpve 

the higherrt c o n c e n t r a t i o n s .  The Church property  a t  the s o u t t e a s t  

c o r n e r  of  t h e  p l a n t  boundary has l e w e l s  below background. This 

parcel  of l a n d  ha8 c o n t i n u o u s l y  been plowed for wheat c r o p s  ty 

Church, and it is believ8d t h a t  plowing ha8 mixed the  surface s o i l  

and t h a t  c o n c e n t r a t i o n 8  of t r a r W U Z a w m  elcnents fraa the plant have 

been significantly diluted.  

W i t h  respect t o  t h e  l a n d .  h i n g  transferred t o  t h e  C i t y ,  

the f o l l o w i n g  summary i s  provided based on the s o i l  saPplinq net!!od 

established by t h e  Colorado Department of E e a l t h :  

I 



a. 

bo 

C.  

The 

Great I f e s t e r n  Venture  Parcel 

low vaue--Oo06 d/n/g 

high v a l r ; e - 0 . 4 4  d/n/g 

median value-0.23 d / d g  

Ac kard-Butler  Par cel  

low value-0.13 d/n/g 

h i g h  value-17 -1 d/W% 

median value--2 - 4  d / d g  

B a c k  ground L o c a t i o n s  

low value-0.03 d/n/g 

h i g h  v a l u e  0.18 Ci/n/g 

- 

5 Lp30cy 

number of samples t a k e n  w i t h i n  each o f  the parcels CZ 

l a n d  was e s t a b l i s h e d  by stat is t ica l  methods w i t h  t h e  o b ] e c t ; v e  cr' 

e s t i m a t i n g  t h e  median v a l u e  f o r  each parosl. Thus, with respect t o  

the p o r t i o n  of A c k a r d - B u t l e r  parcel to be t r a n s f e r r e d  t o  the City,  

the v a l u e s  l i s t e d  above are based on a l l  t h e  samples taker, on  t c e  

A c k a r d - B u t l e r  a n d  Church p r o p e r t i e s  east of  t h e  Plant conblcec' .  

These  ropert ties were t r e a t e d  as one parcel i n  t h e  s ta t i s t i ca l  

a n a l y s i s ,  No median v a l u e  i s  spscified for tb. background 1ocatior.s 

because these sitar were s p e c i f  ied independently t y  the Coloraco 

D e p a r t m a n t  of  Health p r i o r  t o  t h e  t e s t i n g  progrun conducted by 

Rockwell, 

Analyais o f  25 samples f r o a  p l a i n t i f f s '  landr and samples 

from each of t h e  f i v e  background location8 used i n  t h e  t e s t r n q  

program show t h a t  w i t h  respect t o  radionuclides other than Flutoniuri 
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and ameticium, the levels of them radionuc l ides  on p l a m t i f f o '  lands 

are c o n s i s t e n t  w i t h  background levels. Thus, the only mriterfals r'rm 

the P l a n t  t h a t  have h e n  meaaurtd above background levels off-site 

from t h e  P l a n t  are plutonium and americium. Bibliography No. 6. 

111. W a f a L R  
The r isk  associated w i t h  t h e  presence of radioectrve rate- 

r i a l s  i n  t h e  e n v i r o n m e n t  i s  almost exclusively t h e  i n d u c t i o n  o f  

cancer i n  v a r i o u s  o r g a n s  o f  the body. There has been concern for 

genetic effects  r e s u l t i n g  from i r r a d i a t i o n  of the organs involved LP, 

r e p r o d u c t i o n .  Powever, PO g e n e t i c  effects have been observed i n  any 

of the irradiated human p o p u l a t i o n s  that have been studied t o  a t e .  

The r isks  posed by plutonrura and a m e r i c i u n  in soils arise 

only if  those  materials enter t h e  bo6y t h r o u g h  i n g e s t i o n  or 

r n h a l a t i o n .  The magnitude of the risks o f  adverse h e a l t h  e f f e c t s  

posed by such materials depends on the q u a n t i t i e s  of the materiels 

t h a t  are deposi ted i n  v a r i o u s  o r g a n s  of the body. 

The o r g a n a  in which plutonium and americim concentrate  ir  

the body &tar i n h a l a t i o n  are the lung, livu and bone. (These mat- 

rials  are n o t  readily absorhad by the body through ingas t ion  because 

o f  t h e  chemical n a t u r e  of t h e  c o m p o u n d s  they form i n  the 

environment.  1 The U n i t e d  States Environmental Protec t ion  Agency has 

i d e n t i f i a t 3  the 1mg and bne M t h e  organa of concern w i t h  respect t o  

plutonium and americium. 
To place t h e  risks asuociatca w i t h  the lartals of  plutonim 

and americium on l a n d s  a d j a c e n t  t o  t h e  P l a n t  in perspctiver it is 
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appropriate t o  make a comparison between r a d a t l o n  doses t o  crrtrcai 

orgar,s r88Ult ing frcakthesa materials and radiation &mes t o  the sane 

o r g a m  reaultinq from natural sources o f  rcdiat ion occurring rn the 

Rocky Flats  e n v i r o n s .  Table 1 ,  t a k e n  from Government Defendants' 

A n a l y s i s  o f  Heal th  R i s k s ,  B i b l i o g r a p h y  No. 7 ,  shows s u c h  a 

comparison. 

Table  I 
Est imated Annual Radiat ion Doses 

f o r  R e s i d e n t s  in the Denver, Colorado Area (mrem/yr) l  

-8odvuKls w 
Cosmic Rays' 50 50 50 

E x t e r n 8 1  I r r a d i a t i o n  by Terrestrial 
R a d i o n u c l i d e s  72 72 57 

Lung I r r a d i a t i o n  by Inhaled 
Naturally Occurr ing R a d i o n u c l i d e s  I C 0  

I n t e r n a l  F a d f a t i o n  by Naturally 
Occurring Radionuclides ir, the Bo* 22 24 a 

T o t a l  N a t u r a l  Background 1 4 9  2 46 167 

210Po i n  Cigarettes ( 2  packs/dayV 10 

1. Values from Natural Background R a d i a t i o n  i n  t h e  United Stater 
NCRP Report No. 4 S ,  1979. 

2 .  Th8 dose t o  t h e  bone i s  the dose t o  t h e  endosteal cslls o f  t k e  
bone which  are considered t o  b e  the critical cells f o r  transcrz- 
nium 81amenta. 

3. Value  for  th8 D8nv.r area t a k r n q  i n t o  a c c o u n t  a 10% b u i l d r r g  
s h i a d i n g  factor,  

4 .  V a l u e  for the Denver area t a k i n g  i n t o  a c c o u n t  a 20% b u i l d i r q  
s h i e l d  f a c t o r  f o t  the whole body and lung and an acidition@ 20% 
body s h i e l d i n g  f a c t o r  for  bone. 

5 .  Value from L i t t l e  pk& ( D i s t r i b u t i o n  of Polonium in Pulmonary 
TiS8UQS o f  Cigarette Smokers, New England J. Mcd. 223, 1965). 
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I n t e r n a l  I r r a d i a t i o n  from 
R a d i o n u c l i d e s  Released from the 

5 Rocky Plats F a c t l i t y  and Fal lout '  0 . 3  

From Table 1 it i s  s e e n  that  the  radiation Qms resul t ing 

from plutonium and americium released from the Plant (including p l u -  

tonium and americium deposited from n u c l e a r  weapons tests  i n  the 

ataosphere) are a v e r y  small f r a c t i o n  of the doses r e s u l t i n g  from 

catural sources. The v a l u e s  g i v e n  i n  the table are Oased on actual 

measurements in the environment, The risks of boRe a c c r  associated 

w l t h  a dose of 167 millireas p r  year to the bone resulting from the 

t o t a l  natural background sources are approximately  32 times (16G 

d i v i d e d  by 5 )  grecter  t h a n  the  risks associated w i t h  a ciose o f  

5 millirem t o  t h e  bone resul tang from Rocky Fla ts  releases of plutc- 

nim and americium. 

rials  on l a n d s  a d j a c e n t  t o  t h e  P l a n t  

Estimates o f  t h e  risk of lung cancer associated w i t h  cat* 

are shown i n  Table 2.  

6.  T o t a l  dose f r o m  p l u t o n i u m  nd -mericirtn i n  Plant so i l .  Fc 
attempt  has b e e n  made t o  subtract o u t  t h e  c o n t r i b u t i o n  from 
f a l l o u t ,  and it was ar8umed that  a l l  of t h e  food consumed was 
raised on t h e  land around t h e  P l a n t ,  
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Table 2 

S m r y  of Health R i r k  Projections a t  Rocky 

?lata Boundary foc Potential E ~ p O 8 u m s  of the 

r. 

Pulmonary Lung to Plutonium and Americium 

EPA Model 

Pallout Analogy 

one chance  i n  f o r t y  m i l l d  

one chance  i n  thirty-tnr 
m;tllfon 

EnvironmentAl Dispersion Modal one c h a n c e  i n  one nundr: 
million 

EOA Guidance one chance i n  one million 

The risk8 shavn in ‘Pable 2 were calculated by thrn differ- 

ent method& See Bibliography No. 7 .  The risk8 for bone cancers  

fall below the valuar &own i n  Table 2 .  

The EPA, ul i t a  proprod guidance on environmental releases 

of tadaoactavm rmtarials such as plutonaum,suqgasts that risks 

a r s o c s a t d  w i t h  envisom.rrtal levolr of there matarialr be lmited 

to a risk of one ia on0 million per: year for lung c a n c e r .  

EPA concludm that doses of 1 mallarad to the Lung or 3 mallrrad 

to bono p~ y a u  corraspond to rzsks of one u one null ion per year 

J 

(The 

o f  -w m.) W,m thir l a ,  ttn EPA W r t l y  tbat 

7 .  Indrvidual risk f o r  cancer. 
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e 

the risks should be disregarded in considering what use should b e  

made of  land. upon which these materials have been deposited. 

The r i s k 8  associated w i t h  plutonium and armeridlrn frm the 

P l a n t  are (1 /33-  t o  1/100) of the EPA sugpstad limit. blorwver, f r a  

Table 1 I the r i s k  of lung cancar from naturally occurring rac?ioactiv- 

r t y  n u s t  be taken to  be 9,840 tames greater (246 per mlllion pet year 

divided by 1 per 40 million per year) than the r i s k  of lmq cancer 

from plutonium and americium. 

From t h i s  analysis it i s  seen t h a t  for persons who would  

c o n t i n u a l l y  inhabit or occu~y lands adjacent t o  the Plant, the annual 

risks of lung cancer are increased very l i t t l e  by the presence o f  

plutonrum and anaridurn i n  soils. For exmple, assuming that as r caq  

as 100,000 persons lived on these landa continuously for 7 0  years, 

the number o f  extra lung cancers t h a t  might occur as a resul t  o f  

P l a n t  a c t i v i t i e s  would be 0.17, or less t h a n  one lung cancer. 

A t  the  same tine, the Cose t o  the lung of these same Fer- 

sons resulting from natural radiation sources would k 246 mllarer 

per yearr as noted i n  Table 1. This corresponds t o  an a n n u e l  risk 

(calculated on the same basis as the r i s k  froa P l a n t  plutonaun) of 

246 x 1/1,000,000. Thui, for a population o f  100,000 gersons l ivinq 

p l a i n t i f f s g  land. for 7 0  years, the number of lung cancers resulting 

from natural radiation would be 86 CMC~ZI. An increase of 86 lung 

cancers i n  a population o f  100,000  persons would not k detectable 

because of about 20,000 t o t a l  cancers,  4,000 Lung cancers are  

-1 4- 



expected to  occur Ln such a populatton, and th8 varrabt l t ty  i n  

the 4,000  lung cancer stat ist ics  ts  f 1 6 0 .  

' Analysts 

o f  Health Risks provadas ased on the 

EPA model for  all lands sampled by Defendants. See Brblrography 

No. 7 
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f V .  XaumUuiStudies 

Two reports hppeared i n  1981 that indicate6 a statistical 

relationship exists between cancer incidence ptterna i n  the -mer 

Standard Hetropolitan Statist ical  Area (SNSA) for 1969 to 1971 and 

SOU concentrations of  plutonium released from the Plant (Johnson 

Biblioqraphy Nos. 8 and 9; Chinn Bibliography Ebs. 10 and 11) Csing 

cancer incidence s tat is t ics  for i n d i v i d u a l  cens U S  tracts taken frm 

the Third National Cancer Survey and p l u t o n i u n  soil concectrctrcn 

contours derived from measurements reported by Rrey (15 6) and Prey 

and Eardy (1'9701 8 Johnson and C h i m  concluded that racioactrv;rty 

released from the Plant was a l ikely cause o t  the observed hrgi. 

P 1'4 

'7 

cancer rncrdences i n  populations lav ing  near the plant. This rela- 

t i o n s h i p  is doubtful because (a) analyses of tissues obtcfned from 

autopsies of Denver area residents did not shas plutonium conceptra- 

tions higher than t h e m  fomd h people living in other areas o f  the 

U n i t e d  States  (Cobb ? L a 8  19828 EPA Tissue Study E i b l i c g r a r h y  

No, 1 0  8 (b )  sufficient tine had not elapsed for plutonim released 

from the P l a n t  t o  cause the obr8rv.d increases in cancer rccidences 

during 1969 to 1971; ( c )  the cancers reported t o  be i n  e::cess 

included many type8 that are not likely t o  rerrult from internally 

deposatod plutonium; and (d) cancer incidence patterns for rcen and 

wonen obmorved in t h i s  study are not typical of tho- that would be 

cxpactod if  they wer8 caured by a single environmontcl factor. 

Eowever8 because of public concern for radiation exposuresp the 

Department undertook a study t o  further explore cancer patterns i n  
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r e l a t i c n  t o  t h e  P l a n t .  (Crunp Report, B i b l i o g r a p h y  KO. 12). i n  

a d d i t i o n  t o  the cancdr i n c i d e n c e  data used by Johnson and  chi^ f o r  

1969 t o  1971, the Department analyzed data f o r  1979 to  1981. Cancer 

i n c i d e n c e s  f o r  t h e  later p e r i o d  would b e  more l i k e l y  t o  show an  

effect  o f  exposure t o  Plant  plutonium if such a r e l a t i o n s h i p  actually 

e x i s t s .  T h i s  is due t o  t h e  l o n g  p e r i o d s  o f  time n e c e s s a r y  for a 

r a d i a t i o n  e x p o s u r e  t o  r e s u l t  i n  t h e  development of a cancer. 

The primary conc lus ions  derived from the Gcpartnent's study 

are : 

I. T h e  most  s i g n i f i c a n t  s t a t i s t i c a l  c o r r e l a t r c n  

i d e n t i f i e d  i n  t h i s  study is between census  tract caLrJcer i n c i -  

dence  and d i s t a n c e  from t h e  State Capitol Building l o c c t e d  near 

the  geographic  c e n t e r  of Denver. 

2. For both 1969 t o  1971 and 1979 t o  1981, cancer 

i n c i d e n c e s  i n  Atea f ( w i t h i n  10 miles of the Plafit) were ro 

greater t h a n  those i n  t h e  Denver SMSA i n  g e n e r a l .  

3. When a n a l y s e s  were restricted t o  c e n s u s  tracts  

with l o w  p o p u l a t i o n  m o b i l i t y ,  t r e n d 8  toward higher cancer ~ r . c i -  

d a n c e s  i n  area8 nearer to  t h e  P l a n t  were s t r e n g t h e n e d  durrnq 

1969 to 1971 and weakend during 1979 to  1981, Rwmrer, kecacsc 

of the l o n g  latency p e r i o d  f o r  most environmental  a m c e r o ,  the 

l a t e r  p e r i o d  r h o u l d  be more i n d i c a t i v e  of any a s s o c i a t i o n  

b e t w e e n  t h o  P l a n t  and c a n c e r  i n c i d e n c e 8  i n  the Danver SHSA. 
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4 .  Between 1 9 7 9  and 1 9 8 1 0  cancer iccidences LP. 

Area I (nearest t o  the Plant)  were generally lcwer than those in 

Area 11, which i s  further from the Plant. 

5,  S t a t i s t i c a l  correlations between census tract 

cancer incidence data and Johnson's exposure areas or other 

Plant-related variables largely disappear when the analyses are 

controlled for demographic and socio-economic confoudir)g 

factors. 

6 .  I n  t o t a l r  these s ta t i s t i ca l  analyses Cio n o t  E ~ P  

port a relationship between the P l a n t  and cancer incidence. 

Excess cancers reported by Johnson i n  Area I for 1 9 6 9  t o  1971 

are not  l ikely t o  have been related t o  the Plant. 

The risks associated w i t h  the amounts of rcdioactive rate 

rials released from the P l a n t  and present on Plaintiffs' lanes tc be 

transferred t o  the C i t y  upon closing of tke Settlment Acjreenent cm 

small i n  comparison to  the risks from expsure t o  Ratural2j occurring 

radionuclides and other natural background radiations and are at?ffr- 

cient ly  small that  thvy can be disregarded i n  aRy consiCeration 

relating t o  the uae o f  the lands. 
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INTRODUCTION 
1 

Regulations promulgated by the Colorado Oepartment of Health (CDH) under 

Colorado Statutes require that land i n  an "area of concern" i n  the v i c in i ty  
of the Rocky F l a t s  Plant be sampled and analyzed for  plutonium before 

construction a c t i v i t i e s  may proceed. Furthermore, as part o f  the recent 

Federal Court settlement agreement for the Rocky Flats  Plant land 
l i t i ga t i on ,  it was agreed that certain lands adjacent to  the Plant would 
be evaluated fo r  plutonium contamination. I f  it i s  determined that s o i l  on 

these lands contains plutonium a t  concentrations greater than the CDH 

guideline, remedial actions w i l l  be in it iated. The permissible level o f  

radioactive material i n  uncontrolled areas a s  specified in RH4.27 of the 
Rules and Regulations Pertaining t o  Radiation Control, circulated by CDH in 
1978 i s  2 dis integrat ions per minute per gram ( 2  dlmlg) of  dry s o i l .  

I 

The sample c o l l e c t i o n ,  a na l y t i c a l  data  and eva luat ion  o f  r e s u l t s  are 

described t o  f u l f i l l  the requirements of  the State of Colorado. 

SITE LOCATION 

The sampled s i t e  i s  owned by the C i t y  o f  Broomfield and l i e s  within the 

'area o f  concern" as outlined by CDH. The land i s  located i n  the northern 

ha l f  o f  Section 7 ,  T2SR69Y. The area sampled is inmediately adjacent to 
Great Western Reservoir on the west and south. 

2 



LAN0 USE 4 

The land was o r i g ina l l y  ut i l i zed as pasture for grazing livestock. This 
use was discontinued after Broomfield acquired the land, There are no 

disturbed areas on th i s  parcel of ground. Walnut Creek flows eastward 
across the northeast corner of the area and a network o f  small tributaries 
drains the southwest corner into Great Western Reservoir. 

I 
I 

SAMPLE COLLECTION PROCEDURES 

The boundaries o f  the area are well defined by fences on the west, north 

and south and by of  Great Western Reservoir on the east. The 

s i t e  included abo nd the CDH guideline of one composite sample 

per each 10 acres owed. The s i t e  was divided into four sectors 
which were labeled A ,  8 ,  C and 0. 

Sector A was subdiv ided i n t o  2 ten acre sample s i t e s .  Sector 8 was 
subdivided into 2 ten acre sample s i te s  and 1 seven acre sample site. 
Sector C was subdivided into 3 ten acre sample s i t e s  and 1 five acre sample 
s ite.  Sector 0 was subdivided into 3 ten acre sample s i tes  and 3 f ive acre 
sample s i tes .  The total number of samples was 15 prepared from 355 sub- 
samples. The s i t e  and sectors are shown on the attached map. 

Each sample s i t e  was divided into a sampling g r id  on a spacing of 132 feet, 
Sector and s i t e  boundaries were located using a "Rolalape". The locations 

for each subsample were made by pacing. 

Soi l  sampler were collected at each location using the CDH prescribed 
template and scoop. The 5 x 6 cm template was forced Into the ground 
surface and the scoop was used to  remove the top 1/8 inch (0.32 cm) Of 

so i l .  I t  was attempted to  collect only the f ine  fractlon of  the topsoil. 
Most o f  the grass, s t icks ,  seeds and rocks were removed fran the sample 

before it was placed in a new one gallon paint can. 
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ANALYTICAL PROCEDURES 

4 

Sample preparat ion  and a n a l y s i s  was performed accord ing  t o  publ ished 

procedures. The entire sample was dried a t  100°C, sieved through a 10 mesh 

sieve, weighed and the fine portion was ball  milled. The m i l l e d  portion 
was sieved through a 35 mesh sieve and stored i n  p l a s t i c  screw cap bottles. 
Ten gram aliquots of each sample were analyzed for  plutonium. Blank so i l  

and synthetic standard s o i l s  were b l ind ly  batched with the f i e l d  samples l n  

a random manner as quality controls i n  the radiochemical laboratory. 

Plutonium analyses were performed by Accu-Labs Research, Inc., 11485 W. 

48t h Avenue, Wheat Ridge, Colorado . 
The s o i l  samples were to ta l l y  dissolved using a 40 percent solution o f  

hydrofluoric acid. A plutonium-236 tracer was added to  the so i l  before 
dissolut ion.  After fuming with HF, the sample was brought to volume with 
n i t r i c  a d d  (HN03).  Plutonium was separated from the solution with an 
ani on exchange col umn . 
The pur i f ied  material was then eluted from the column and electroplated on 

a polished steel disc. The radioact iv ity on the d i s c  was measured in a 

s o l i d  state alpha spectrometer and the recovery was determined from the 

tracer peak . 

QUAL I TY CONTROL 

During s'le analys is,  qual ity  control consisted of blank s o i l  analysis, 

standard soil analys is,  reagent blank analysis and select ive duplicate 
sample analysis. A l l  samples were submitted to  the analyt ial  laboratory i n  

a random and b l i nd  manner. 
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Accu-Labs Research, Inc . (ALR ) operates under a rigorous Qual i ty Assurance 
(QA) Program designed t o  Comply with the Cr i te r ia  for Nuclear Power Plants 

set forth i n  T i t l e  10, Code of Federal Regulations, Part 50, Appendix 6 

(10CFRSO). This program a1 so complies with the U.S. Nuclear Regulatory 

Commission (NRC) Qua l i ty  Asssurance specifications described i n  Regulatory 

Guide 4.15. The stringent system o f  controls and checks inherent in ALR's 
QA program ensures analytical r e su l t s  o f  the highest caliber. 

ALR employs a number o f  procedures t o  monitor instrument e f f i c i e n c y ,  
technician performance, method performance and overall accuracy and 
precision. U t i l i z i ng  the i r  QA program, ALR has been successful in becoming 
cer t i f ied  fo r  radiochemical analyses by the Environmental Protection Agency 

( E P A )  and other regulatory author1 t i e s  

RESULTS OF ANALYSES 

The l e t te r  report from ALR and Table I present the results  of the radio- 

chemical analyses. Deviations reported are fo r  the var iab i l i t y  o f  the 

radioactive disintegration process (counting error) at the 95 percent 

confidence 1 eve1 ( 1.96 si gma) . 

CONCLUSIONS 

The re su l t s  o f  the radiochemical analyses show that the value for the 

standard (2.2 - + 0.06 d/m/g) agreed with the analytical value (2.7 2 0.7 

d/a/g). The blank value o f  0.07 2 0.13 d/m/g i s  typical o f  many repllcate 
analysos of  the same soil sample. 

The sample r e s u l t s  are  within the range from 0.8 t o  8.4 d/m/g o f  
plutoniur-239. Based on these re su l t s ,  it i s  concluded thrt  only 3 ten 

acm p 1 a r J  0-1, D-2 and 0-3 conti$r plutmlu, it eo~conttrtions 
rtgn4tttm?Ty hfghw thrn tha CDH gutdellno ot 2 d/r/srl[rracne 60 w a s  of 



land will reauire remedial action such as plowina. dfskina and reteedina. - -  -~~ - -  
O Y I  other swt#r* greater 
a d  2.2 d/n/g) are rfot high enough t o  present 

I --- 

a health hazard. (The maximum value I S  only  6 percent o f  the €PA proposed 

s c r e e n i n g  l e v e l  o f  40 d/m/g). These 90 acres o f  land s h o u l d  not be 

disturbed at t h i s  time. 
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Accu-Labs Research, Inc. 
11485 W 48th Avenue Wheat Ridge, Coiorado 80033 
(303) 423-2766 

mil 3, 1905 
Page 1 of 1 4 

Fb. Chuck I l ls ley 
Rockwell International 
Rocky f la t s  Plant 
P.O. Box 464 
Golden, CO 80402-0464 

RE: a8901196ii-17 
Date Samples Rec'd 3-25-85 
Purchase Document No. 12715PB 

REPORT OF ANALYSIS 

ALR Dtsignatlon Sponsor Designation 

8890-19611-17-1 8 54-1 
-2 85-A-2 
-3 85-8-1 
-4 85-8-2 
-5 85-0-3 

-6 85-C-1 
-7 85-C-2 
-8 854-3 
-9 85-C-4 
-10 85-0-1 

-11 85-0-2 
-12 85-0-3 
-13 85-04 

-1s 85-06 
-14 as-0-5 

-16 STD. No. 60/242 
-17 01 rnk 

P1 utoniuor239 total 
f counting error* 

pCI/g (dry)  

0.64 t 0.23 
0.39 f 0.15 
0.73 f 0.19 
1.1 f 0.2 
1.0 f 0.2 

0.81 t 0.19 
0.97 t 0.24 
0.74 t 0.20 
0.48 t 0.13 
3.8 t 0.5 

3.5 f 0.4 
1.9 t 0.5 

0.82 & 0.24 
1.0 2 0.2 

0.36 t 0.13 

1.2 t 0.3 
0.03 0.06 

Air Dry 
Loss, 1c 

9.3 
7.2 
8.0 
6.4 
9.2 

5.5 
4.1 
2.3 
4.4 

15.3 

16.7 
7 09 
5.3 
8.1 
3.0 

0- 

-0 

*Varlablllty of the rd io rc t i ve  dlslntegratlon pocess (counting error) at  
the 951 conffdence level, 1.066. 
These smplet are scheduled to be disposed of 45 drys after th8 d8te of this 
report. 

Radi ~ C I M S I ~  t t r y  
Supervl so? 
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LOCAT I ON 
A-1  
A-2 
8-1 
8-2 
8-3 

c- 1 
c-2 
c-3 
c-4 
0-1 
0-2 
0-3 
0-4 

0-5 
0-6 

*TABLE I .  GREAT WESTERN RESERVOIR 

SOIL SAMPLE ANALYSES 1985 

(PLUTONIUM CONCENTRATIONS IN O/H/G) 

PLUTON IUM-239 
1.4 - + 0.5 

0.9 - + 0.3 
1.6 - + 0.4 
2.4 + 0.4 
2.2 - + 0.4 

1.8 + 0.4 - 
2.2 + 0.5 
1.6 - + 0.4 

8.4 - + 1.1 

7.8 - + 0.9 
4.2 + 1.1 
1.8 - + 0.5 

0.8 - + 0.3 

1.1 + 0.3 

- 
2.2 + 0.4 - 
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I 

INTRODUCTION 

Regulat ions promulgated by the Colorado Department o f  Health (COH) under 

Colorado Statutes  require that  land i n  an "area o f  concern" i n  the v i c i n i t y  o f  

the Rocky F l a t s  Plant be sampled and analyzed for  plutonium before 

construct ion  a c t i v i t i e s  may proceed. Furthermore, as  part  o f  the recent 

Federal Court Sett l  ement Agreement f o r  the  Rocky F1 a t s  P1 ant land 1 i ti gation, 

it  was agreed that certain lands adjacent t o  the P lant  would be evaluated fo r  

p l u ton ium contaminat ion.  I f  i t  was determined t h a t  s o i l  on the se  l a nd s  

conta ins  plutonium at concentrations greater than the  CDH guidel ine,  remedial 

act ions  would be in i t i a ted.  The permiss ible level  o f  radioact ive material i n  

u n c o n t r o l l e d  a rea s  a s  s p e c i f i e d  i n  RH4.27 o f  t he  R u l e s  and Regu la t i on s  

Perta in ing  t o  Radiation Control, c i rcu lated by CDH i n  1978 i s  2 

d i s i n teg ra t i on s  per minute per gram ( 2  d/m/g) o f  dry  s o i l  o r  0.90 pCi/g. 

This report describes the sample co l lect ion,  ana ly t i ca l  data, evaluation o f  

r e s u l t s  for a parcel  of l a nd  l o c a t ed  immediately e a s t  o f  Rocky F l a t s .  

Remedial act ions  taken t o  f u l f i l l  the requirements o f  the State of  Colorado on 

t h i s  l and  are  a l so  summarized. 

S ITE LOCATION 

The sampled s i t e  i s  owned by the C i t y  o f  Broomfield and Jefferson County and 

l i e s  with in  the "area of  concern" as outl ined by CDH. The land I S  located i n  

the southern h a l f  o f  Sect ion 7 and western h a l f  o f  Sect ion  18, TZS, R69W. The 

area sampled i s  south o f  Great Western Reservo i r ,  east  o f  Indiana Street and 

north o f  West 96th Avenue ( see F igure  1). 
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LAND USE 

The land was o r i g i n a l l y  u t i l i z ed  as pasture for graz ing  l ivestock and as 

cropland f o r  growing winter wheat. The cropland has been t i l l e d  for 25 years  

or more. Woman Creek flows eastward across  the southern port ion o f  the area 

in to  Standley Lake. A small i r r i ga t i on  d i t ch  de l i ve r s  water from Woman Creek 

t o  Mower Reservo i r .  The vegetation i n  the area con s i s t s  of native grasses,  

var ious shrubs and small trees along Woman Creek and wheat stubble and weeds 

i n  wheat f i e l d s  abandoned s ince 1980. 

SAMPLE COLLECTION PROCEDURES 

The boundaries of  the area are well defined by barbed wire fences on a l l  four 

s ides.  These boundaries were checked by profess ional  surveyors from C. R. 

Moore and Associ  ates (Rockwell contractor) and ADG Engi neeri ng Inc.  (Jefferson 

County contractor).  The s i t e  includes about 640 acres and the CDH guidel ine 

o f  one composite sample per each 10 acres was followed with minor 

modifications. The C i t y  of Broomfield land was d iv ided in to  10 - ten acre 

p lo t s  i n  order t o  include the entire t r i angu la r  shaped area. This resulted i n  

some overlap with two 10 acre p lo t s  i n  the recent ly  acquired Jefferson County 

Open Space land. Fourteen 10 acre p lo t s  were establ i shed on the la t te r .  The 

centers o f  each of these p lo t s  were located by profess ional  surveyors from 

Drexel, Barre l1  and Company. These s i t e s  were selected from those u t i l i zed  i n  

the o r i g i na l  s o i l  sample test ing  program conducted by Rockwell and DOE i n  

1977.l The i den t i t i e s  o f  these s i t e s  were agreed upon by CDH and Rockwell, 

based on the Rocky F l a t s  Settlement Agreement. Each sample s i t e  was 



a d i v i d e d  i n t o  a sampl ing  g r i d  on a spac ing  o f  165  f e e t .  Sec to r  and s i t e  

boundaries were located us ing  a Rolatape (Model 400). The locat ions  fo r  a l l  

subsamples were made by pacing. So i l  samples were co l lected at each locat ion  

us ing  the CDH prescr ibed template and scoop. The 5 x 6 cm template was forced 

in to  the ground surface and the scoop was used t o  remove the top 1/8 inch 

(0.32 cm) o f  s o i l .  The intent was t o  co l lec t  only the f i ne  f ract ion  of the 

topso i l .  Most of the g ras s ,  s t i c k s ,  seeds and rocks  were removed from each 

sample before it was placed i n  a new one ga l lon  pa int  can. 

R 

ANALYTICAL PROCEDURES 

Sample preparation and ana ly s i s  were performed according t o  standard 

procedures, approved by the Colorado Department o f  Health. 2’3’4 The entire 

sample was dr ied at 100°C, s ieved through a 10 mesh s ieve,  weighed and the 

f i ne  port ion was ba l l  mi l led.  The mi l led  port ion  was s ieved through a 35 mesh 

s ieve and stored i n  p l a s t i c  screw cap bott les .  Ten gram a l iquots  o f  each 

sample were analyzed f o r  plutonium. Blank s o i l  and synthet ic  standard s o i l s  

were b l i nd l y  batched with every group o f  seven f i e l d  samples i n  a random 

manner as qual i ty cont ro l s  i n the rad1 o-chemi cal 1 aboratory . 

Plutonium analyses were performed by Accu-Labs Research, Inc., 11485 W. 48th 

Avenue, Wheat Ridge, Col orado. 

The s o i l  samples were t o t a l l y  d i s s o l v e d  u s i n g  a 40 percent  s o l u t i o n  o f  

hydrofluoric a c i d .  A plutonium-236 t r a c e r  was added t o  the  s o i l  before 

d i s so lu t ion  i n  order t o  determine chemical y i e l d .  A f te r  fuming with HF, the 

sample was brought t o  volume with n i t r l c  ac id  (HN03). Plutonium was separated 

from the so lu t ion  with an anion exchange column. 

I 

~ 
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The pu r i f i ed  material was then eluted from the column and electroplated onto a 

po l i shed steel  d i s c .  The r ad ioac t i v i t y  on the d i s c  was measured i n  a s o l i d  

s ta te  alpha spectrometer and recovery was determined from the t racer  peak. 

QUALITY CONTROL 

During sample ana ly s i s ,  qua l i t y  control consisted o f  blank s o i l  ana ly s i s ,  

standard so1 1 ana ly s i s  , reagent blank ana l y s i s  and dupl i  cate sample ana ly s i s .  

A l l  samples were submitted t o  the  analyt ica l  laboratory i n  a random and b l i nd  

manner. 

Accu-Labs Research, Inc. (ALR) operates under a r igorous  Quali ty Assurance 

(QA) Program designed t o  comply with the C r i t e r i a  for Nuclear Power Plants  set 

forth i n  T i t l e  10, Code o f  Federal Regulat ions,  Part 50, Appendix B (10CFRSO). 

This program a l s o  complies with the U.S. Nuclear Regulatory Commission (NRC) 

Qua l i t y  Assurance spec i f i ca t ions  described i n  Regulatory Guide 4.15. The 

st r ingent  systeln o f  controls  and checks inherent i n  ALR's OA program ensures 

analyt ica l  resill t s  o f  the h ighest  ca l iber.  

ALR employs a number o f  procedures t o  monitor instrument ef f ic iency,  

technician performance, method performance and overal l  accuracy and precis ion.  

U t i l i z i n g  t he i r  OA program, ALR has been successful  in becoming ce r t i f i ed  fo r  

radiochemical analyses by the Envi ronmental Protect ion Pgency (EPA) and other 

regulatory author i t ies .  
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RESULTS OF IN IT IAL  ANALYSES 

Table I sumnarizes the resu l t s  of the i n i t i a l  radiochemical analyses o f  s o i l  

samples co l lec ted  i n  1985 before remedial act ion.  Deviat ions reported are for 

the v a r i a b i l i t y  o f  the radioactive d i s in tegrat ion  process (counting error )  at 

the 95 percent confidence level (1.96 sigma). The data are a l s o  depicted on 

F igure  2 a long with h i s to r i ca l  data from 1977. 

CONCLUSIONS FROM INITIAL TESTING 

The r e s u l t s  o f  the radiochemical analyses show that  three averaged analys i s  

v a l ue s  f o r  t h e  s o i l  s tandard (1.12, 1.02 and 1.01) agreed wel l  w i th  the 

standard value of 1.0 pCi/g. The average blank values (0.10, 0.01 and 0.005 

pCi/g) are  t yp i ca l  of many repl icate analyses of the same s o i l  sample. 

The sample r e s u l t s  are within the range from 0.46 t o  5.6 pCi of plutonium per 

gram o f  d ry  s o i l .  F i fteen values are greater than the Colorado Department o f  

Health plutonium-in-soil standard o f  0.90 pCi/g. I t  should a l s o  be noted that 

the maximum value o f  5.6 pCi/g i s  about 30% o f  the €PA proposed screening 

l eve l .  5 

It can be seen froin Figure 2 that a comparison of the 1985 and 1977 re su l t s  

shows, with a few exceptions, that the more recent plutonium i n  s o i l  

concentrat ions are s i gn i f i can t l y  l e s s  than the p r i o r  data at  the same 

locat ions .  These reductions a re  probably due t o  the e ight  year time 
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TABLE I 

ANALYSES Of SOIL SAMPLES FROM SECTION 7 AND 18. 

T2S. R69U. 

(Plutonium Concentrations in pCi/g) 

- - -  

Sample NO. S i t e  No. Plutonium 239 - + Counting Error 

GUS 85-1 1 
GUS 85-2 2 
GUS 85-3 3 
GUS 85-4 4 

GUS 85-5 5 

GUS 85-6 6 

GUS 85-7 7 

, 

GUS 85-8 

GUS 85-9 
GUS 85-10 

I 85-2 

I 85-4 

I 85-5 

I 85-6 

I 85-7 
I 85-11 

I 85-12 

I 85-16 

I 85-17 
I 85-18 

I 85-19 
I 85-20 
1 85-21 
I 85-22 

8 

9 

10 

9 

10 

3 

4 

11 

12 
7 
a 

18 

19 

22 
21 

17 
20 

5.6 - + 0.5 

2.9 - + 0.4 
2.2 2 0.4 
2.5 - + 0.4 

0.86 - + 0.3 

5.0- - + 0.5 

1.0 2 0.2 
0.74 + 0.2 - 
306 - + 0.4 

2.2 - + 0.4 

0.46 + 0.2 

0.61 + 0.2 
- 
- 

0.96 + 0.2 
1.0 + 0.3 
0.52 + 0.2 
0.81 + 0.3 
0.03 + 0-1 
0.12 + 0.1 
0.82 + 0.2 

- 
- 
- 
- 
- 
T 

- 
1.8 - + 0.2 
3.0 - + 0.5 
2.1 + 0.4 

1.0 + 0.2 

1.4 + 0.2 

- 

- 
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difference which could have allowed f o r  plutonium weathering and migration, 

the la rger  surface area represented by the 1985 samples [lo acres per sample 

as compared t o  the 1977 samples (0.2 acre per sample)], and the fact that a 

d i f ferent  laboratory u t i l i z i n g  a s l i g h t l y  d i f fe rent  radiochemical procedure 

performed the analyses. 

I 

Figure  2 a l s o  shows the locat ions  o f  the three abandoned wheat f i e l d s ,  one i n  

Sect ion 7 and two i n  Sect ion 18. The 1985 data substantiate the ea r l i e r  

conclusion that the plutonium concentrations i n  the s o i l  i n  the previously 

t i l l e d  p l o t s  are about 4% o f  the  CDH standard. It  i s  therefore reasonable t o  

conclude that r ipp ing,  plowing and d i s k i n g  w i l l  reduce the plutonium I 

concentrations i n  the other areas t o  l e ve l s  below the s ta te  standard. 

I 

Based on t h e  1985 data ,  about  75 a c r e s  o f  t he  newly acqu i red  C i t y  o f  

B roomf ie ld  l a nd  w i l l  r e q u i r e  remedia l  a c t i o n .  Most o f  t he  remainder o f  I 

Section 7 ,  purchased by Jefferson County, but excluding the abandoned wheat 

f i e l d s ,  w i l l  require remedial act ion.  The Jefferson County land i n  Section 18 

w i l l  require remedial act ion  on about 40 acres.  This  i s  the area along Woman 

Creek between Indiana Street and Mower Reservo i r .  
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REMEDIAL ACTION PROGRAM PLAN 

Remedial act ion  recommendations were prepared by Gary F instad of the US So i l  

Conservat 1 on Serv ice  .6 These recommendat i ons i ncl uded t 11 age on a1 ternat i  ng 

s t r i p s  (standard s t r i p  farming techniques) l a i d  out a ong the contour t o  

minimize wind and water erosion. Remedial act ion  should not be undertaken on 

the unbroken s t r i p s  un t i l  the first set  i s  re-established i n  protect ive  grass .  

S t r i p s  with a width o f  120 t o  150 feet were recommended. 

Following t i l l a g e  a cover crop of sorghum was suggested t o  control eros ion 

unti  1 nat i ve  g ras ses  could be planted i n  the f a l l .  The sorghum could be cut 

i f  necessary, t o  provide an improved seed bed f o r  the g ras s  seeding. 

P r i o r  t o  i n i t i a t i o n  o f  the ground preparat ion a c t i v i t i e s ,  a Fug i t i ve  Oust 

Permit (No. 85JE052L) was obtained from the Colorado Oepartment o f  Health 

(CDH).  T h i s  permi t  r equ i r e s  cons tant  mon i t o r i n g  o f  wind speed and s o i l  

density dur ing  s o i l  disturbance a c t i v i t i e s  t o  control blowing dust. I f  the 

wind speed exceeds  15 rnph o r  i f  t he  s o i l  mo i s t u r e  f a l l s  below 15%, a l l  

a c t i v i t i e s  on the s o i l  w i l l  cease. Vehicle speeds on a l l  d isturbed areas must 

not exceed 15 rnph. A l l  disturbed surface areas must be revegetated and snow 

fences must be i n s ta l l ed  i f  found necessary by CDH. 

A i r  samplers must be operated during the s o i l  t i l l a g e  a c t i v i t i e s  and samples 

w i l l  be analyzed for  alpha rad ioact i v i ty  and plutonium concentrations. If the 

alpha a c t i v i t y  exceeds 0.06 pCi/m , a l l  s o i l  disturbance act ions w i l l  be 

stopped . 
3 

-9- 



REMEDIAL ACTION PLAN IMPLEMENTATION 

Eleven s t r i p s  o f  land were surveyed and staked a t  an approximate spacing of 

140 feet .  The s t r i p s  r a n  a lmost  e x a c t l y  east -west,  except where s l i g h t  

va r ia t ions  i n  topography caused s h i f t s  t o  northwest or northeast. The longest 

s t r i p  was about 3000 feet long  and the shor tes t  was about 750 feet long. 

Rocky F l a t s  type a i r  samplers were set  up a t  the north edge and at the mid 

south edge o f  the  work area. The samplers received e lectr ica l  power from 

portable 1600 watt gas powered generators. Operation was continuous from June 

12 through J u l y  28, 1986 and samples were co l lec ted  and analyzed once every 24 

hours. 

S o i l  moisture t e s t  holes were d r i l l e d  a t  th ree  locat ions ,  one at the north 

edge, one i n  the center and one at  the south edge o f  the work area. Aluminum 

tubes were inserted i n  each te s t  ho le  and the locat ions  were marked with 

flagged stakes.  So i l  moisture measurements were taken each day that s o i l  

disturbance a c t i v i t i e s  were underway. Measurements were made with a Troxler  

E lectron ic  Laborator ies  neutron mol s tu re  gauge Model 3321. Instrument 

readings were ver i f ied  by s o i l  samples analyzed gravimetr ical ly  i n  the 

Rockwell Rocky F l a t s  General Laboratory. 

T i l l i n g  the s o i l  on the Jefferson County Open Space lands began on June 11, 

1986. The f irst operation consisted o f  r i pp i n g  the s o i l  with an agr icu l tura l  

implement having point ch i se l  r ippers ,  spaced 12 inches apart i n  three rows. 

Power was suppl ied by a four wheel d r i ve  350 horsepower farm tractor The 

r ipp ing  procedure was applied four times. 
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a The second operation cons i s ted of three passes with an implement having ch i se l  

plow curved r ipper s .  The r ipper s  were spaced 12 inches apart i n  three rows. 

The th i rd  and f i n i s h  process was performed by one pass  with a vibrashank 

r ipper.  These smal ler  r i ppe r s  were spaced 6 inches apart  i n  3 rows. I 

Seed bed preparation i n  the cu l t ivated area a l s o  required removal of thousands 

o f  yucca p lants  because they would in ter fe re  with proper operation o f  the 

seeder. The many r i pp ing  operations dis lodged the p lant s  by uprooting or 

breaking o f f  the roots.  I t  was then necessary t o  manually co l l ec t  the plants.  

A crew o f  "yucca p ickers "  placed the plants  on a t r a c t o r  mounted hay fork rack 

and the t ractor  operator made p i l e s  o f  yucca p lant s  throughout the worked 

f i e l d s .  The p i l e s  were l a t e r  removed us ing  a front-end loader and 10 ton dump 

truck.  300 loads  o f  yucca were hauled t o  the Rocky F l a t s  Plant san i tary  

l a n d f i l l  f o r  f i n a l  d i sposa l .  

S o i l  samples were then  c o l l e c t e d  from the  t e n  s t r i p s  t o  determine the  

ef fect i  veness o f  t i 1 1 i ng i n reduci ng p l  utoni  um concent r a t  i ons . Sampl es were 

col lected accord1 ng t o  COH prescribed procedures a s  prev ious ly  described. 

Samples were taken a t  the edges and center o f  each s t r i p  at  a spacing o f  150 

feet. S t r i p  number one (the westernmost) y ie lded 24 subsamples which were 

cornposited i n t o  one sample f o r  analys i s .  The next s t r i p ,  number two, was 

separated  i n t o  two s e c t i o n s  and 24 subsamples were composited from each 

sect ion  labeled "east "  and "west." S t r i p s  three and four  were sampled in a 

l i k e  manner. The remaining seven s t r i p s  were shor ter  and were sampled by 

compositing 14 subsamples f o r  each s t r i p .  
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The r e s u l t s  o f  s o i l  analyses for  plutonium i n  nine o f  the eleven s t r i p s  were 

a l l  l e s s  t h an  the  CDH g u i d e l i n e  of  0.90 pCi/g  ( 3  d/m/g). The p lu ton ium 

concentrations i n  s t r i p  #1 and the west h a l f  o f  s t r i p  #2 were s t i l l  greater 

than 0.90 pCi/g. Approximately 20 acres i n  these two s t r i p s  were then t i l l e d  

three more times with the ch i se l  plow r i ppe r s  and two more compasite samples 

were col lected. The re su l t s  o f  analyses fo r  these samples were st i l l  greater 

than 0.90 pCi/g plutonium. 

The next attempt at  t i l l i n g  included the  use  of  a three bottom moldboard plow. 

The 20 acres was plowed three times t o  a depth o f  12 inches and f in i shed  with 

one appl icat ion  with the vibrashank r ipper .  Ten s o i l  samples were col lected 

from these 20 acres and analyzed i nd i v i dua l l y  for plutonium. The average of  

the four values from s t r i p  #l was 0.83 pCi/g and the average o f  the s i x  values 

from s t r i p  #2 (west) was 0.63 pCi/g plutonium. The f i n a l  r e su l t s  of  s o i l  

analyses on a l l  eleven str ips  a re  shown on F igure  3. 

The f i na l  r e s u l t s  o f  s o i l  analyses from the area showed that the 

concentrations o f  plutonium were l e s s  than 0.90 pCi/g ( 2  d/m/g) and ready f o r  

seeding as  agreed t o  by CDH. Appl icat ion  of sorghum seed a t  the rate of  10 

pounds per acre was i n i t i a ted  on Ju l y  24, 1986. The f i r s t  sprouts  o f  sorghum 

appeared on August 4, 1986. The f ina l  20 acres of ground that  required deep 

plowing and r ipp ing  was planted with sorghum on August 2, 1986. 

The sorghum p lant s  grew t o  a maximum height  o f  12 inches and d i d  not generate 

any seeds. The plants  stopped growing i n  ea r l y  October and wi l ted back after 

the f i r s t  l oca l  f r o s t .  The app l i cat ion  o f  w i ld  g ras s  seed began on October 

29, 1986 and was completed on November 17, 1986. This  long  time period was 
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required because o f  several small snowstorms, winds i n  excess of the control  I 

speed o f  15 mph, and below freezing temperatures. The g ras s  seed was appl ied 

a t  a r a t e  o f  1 5  pounds o f  pure  l i v e  seed (PLS )  pe r  ac re  and conta ined  a 

m i  xture o f  v a r i e t i e s  a s  i ndi cated bel ow 

Species 

Western 
Wheatgrass 

S i  deoat s 
Grama 

Smooth 
Brome 

Pubescent 
Wheatgrass 

Other 

Var i  e t 1  

A r r i  ba 

Vaugh 

L i  ncol n 

Luna 

---- 

Special  Grass Seed Mixture 

Pur1 ty  G e m  nat i on 

36.03% 84% 

34.36% 88% 

10.39% 7 3% 

8.29% 91% 

10.93% --- 

TOTAL 100 % 

Plant ing  Rate = 15 l b  PLS/acre = 19.84 lb/acre 
0.7562 

Since the cover crop o f  sorghum was not as  heavy as 

Pure L i ve  Seed 

30.26% 

30.24% 

7.58% 

7.54% 

75.62% 

desi  red, suppl emental 

mulching was provided by the addit ion o f  l ong  stemmed, weed-free nat ive g ras s  

hay. This hay was appl ied a t  the rate o f  4000 pounds per acre and forced i n to  

the s o i l  with a t r ac to r  drawn crimper. Mulching began on November 24, 1986 

and was completed on January 15, 1987. Once aga in  delays  i n  mulch appl icat ion  

were caused by f reez ing  temperatures and snowfal;. 
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A Accu-Labs Research, Inc. 
11485 W 48th Avenue Wheat Ridge, Colorado 80033 /A (303) 423-2766 

November 27,  1985 
Page 1 of 1 

Mr. Chuck I l ls ley 
Rockwei 1 International 
Rocky Flats P l a n t  
P.O. Box 464 
Go1 den, CO 80402-0464 

RE: 8890-20831-12 
Date Samples Rec'd 10-17-85 
P.O. No. 48464 

REPORT OF ANALYSIS 

ALR Designation 

8890-20831-12-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 
-10 

-11 
-12 

S po n so r P1 utonium-239, 
Designation +, count1 ng error* Dupl 1 cate 

p C i / g  (dry)  Result 

GWS-8 5- 1 5.9 f 0.5 5.2 f 0.5 
GWS-85-2 4.9 f 0.5 5.0 f 0.5 
GWS-85-3 2.5 f 0.4 3.3 f 0.4 
GWS-85-4 2.1 f 0.4 2.2 f 0.3 
GWS-85-5 2.6 f 0.4 2.4 f 0.3 

GWS-85-6 1.0 f 0.3 0.72 f 0.19 
GWS-85-7 0.84 ?: 0.21 1.2 f 0.2 
GWS-85-8 0.58 f 0.20 0.89 f 0.21 
GWS-85-9 4.2 ?: 0.4 2.9 ?: 0.4 
GWS-85-10 2.3 f 0.3 2.0 f 0.4 

81 ank 0.13 f 0.12 0.07 f 0.12 
Standard 0.93 f 0.19 1.3 f 0.3 

Air Dry 
Loss, x 

4.3 
4.6 
4.2 
4.7 
7.3 

7.5 
4 09 
3.0 
4.9 
7.7 

-_ _- 

*Variability of the radioactive disintegration process (counting error) a t  
the 95% confidence level, 1.96~. 
These samples are scheduled to be disposed o f  45 days after the date o f  this 
report. 

Rad1 ochemi stry 
Supervi sor 



Accu-Labs Research, Inc. 
11485 W 48th Avenue Wheat Ridge. Colorado 80033 
(303) 423-2766 

December 26, 1985 
Page 1 o f  1 

Mr. Chuck I l l s l e y  
Rockwell International 
Rocky Fla ts  Plant 
P.O. Box 464 
Go7 den, CO 80402-0464 

RE: 8890-20915-9 
Date Samples Rec'd 11-1-85 
P.O. No. 48464PB 

REPORT OF ANALYSIS 

ALR Designation S po nso r P l  utonium239, 
Designation 5 counting error* 

PC.1 /g 

8890-209 15-9-1 1-85-2 0.38 * 0.19 
-2 1-8 5-4 0.53 f 0.22 
-3 1-85-5 0.83 f 0.30 

-5 1-85-7 0.62 2 0.22 
-4 1-85-6 1.1 +- 0.3 

-6 1-85-11 0.74 f 0.28 
-7 1-85-12 0.10 f 0.14 
-8 81 ank  -0.03 f 0.08 
-9 Standard 1.2 2 0.3 

P1 utonium-239, 
dupl i cate ,  

k counting error* 

0.53 f 0.24 
0.69 f 0.21 

1.1 2 0.2 
0.89 f 0.29 
0.43 f 0.18 

pc1 /g  

0.88 0.36 
-0.04 f 0.12 
0.05 f 0.10 
0.84 2 0.24 

*Variabil i ty of the radioactive di sintegration process (counting error) a t  
the 95% confidence level,  1.96a. 
These samples are scheduled t o  be disposed of 45 days after the date of  this 
report . 

Radf ochemi stry 
Supervi sor 
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A Accu-Labs Research. Inc. 
11485 W 48th Avenue Wheat Ridge, ColArado 80033 ' /A (303) 423-2766 

August 1, 1986 
Page 1 of  1 

Mr. Chuck I l l s l e y  
Rockwell International 
Rocky Flats  Plant 
P,O. Box 464 
Go1 den, CO 80402-0464 

RE : 8 890-2 2 394-1 2 
Date Samples Rec'd 7-28-86 
P.O. No. 6574600 

REPORT OF ANALYSIS 

ALR Designation Sponsor Designation P1 utonium-239, 
f counting 

error*, pCi/g 

8890-22394-12-1 STP 1613 A 0.96 f 0.19 

-2 STP 1W3 B 0.46 f 0.13 

-3 STP 1W3 C 0.51 f 0.17 

-4 STP 1W3 D 0.78 f 0 2 0  

-5 STP 2W3 A 0.56 f 0.15 

-6 STP 2W3 B 0.54 f 0.15 

-7 STP 2W3 C 0.46 f 0.14 

-8 STP 2W3 D 0.32 f 0.13 

-9 STP 2W3 E 0.60 f 0.16 

-10 STP 2W3 F 0.65 f 0.15 

-1 1 Blank 0.00 f 0.07 

-12 Standard 1.1 f 0.2 

P1 utonium-239, 
duplicate, 
f counting 

error*, pCi /g 

1.7 f 0.3 

0.34 f 0.13 

1.0 f 0.2 

0.85 5 0.17 

1.3 f 0.2 

0.52 f 0.15 

1.1 f 0.2 

0.48 f 0.14 

0.42 f 0.15 

-0 

-0 

-- 
*Variabil ity of the radioactive disintegration process (counting error) at  
the 95% confidence level, 1.96~. 
These samples are scheduled to be disposed of 45 days after the date of th i s  
report. 

Bud Summers 
Rad1 ochemi stry 
Supervisor 

- 
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REMEDIAL ACTION PROGRAM ON JEFFERSON COUNTY OPEN SPACE LAND 
STATUS REPORT FOR PERIOD 

JANUARY 15, 1987 TO OCTOBER 15, 1987 

Introduction 
Figure 1 shows the location of  lands designated for remedial action as 
part o f  the 1984 s e t t l  ement agreement. The settlement agreement ended 
l i t igat ion w i t h  landowners involving the Rocky Flats Plant and alleged 
impacts on land values proximate t o  the plant. 

Since the Colorado Department o f  Health (CDH) was a party to the lawsuit, 
the CDH soil  plutonium standard f o r  construction act ivi t ies  is the 
standard used in the mitigation. Figure 2 shows the results o f  sampling 
i n  the area for  the years 1977 and 1985. Note the areas that were above 
the CDH construction limit o f  0.9 pCi/g consistently through both sampling 
programs. One area is west o f  Mower Reservoir (Area A) and another is 
from Indiana and the RFP East Access Road east  1 mile t o  the Section 7 
boundary (Area B). Sampling i n  both years was conducted according t o  the 
Colorado Department of Health (CDH) protocol and analyzed by independent 
laboratories. These are the two areas o f  interest for the remedial action 
i n  Jefferson County. 

Historical Summary o f  Actions Through September 1, 1987. Area A - Four 
str ips approximately 1500 f e e t  x 150 feet were ripped and plowed i n  June 
and July o f  1987. The str ips  were separated by undisturbed strips o f  
ground approximately 150 f e e t  wide (Figure 3). The total plowed area i s  

approximately 20 acres. The plowed strips have not yet been planted. 
Sampling was conducted a f t e r  the plowing and the results are shown i n  

pCi/g on Figure 3. 
higher than the CDH construction standard. 
July o f  1987. 
f a i l s  t o  meet the CDH construction standard, it will again be re-plowed 

The west end of str ip  number one s t i l l  showed values 

I t  will be re-sampled i n  October o f  1987. 

I t  was plowed a second time in 
I f  the area 



Area B - Approximately 100 acres were r i p p e d  and plowed i n  June and July I 

of 1986. Figure 4 shows the configuration o f  the plowed and unplowed 
str ips,  Also shown on Figure 4 are the results o f  sampling conducted 
a f ter  the plowing was completed. A l l  areas that were plowed now meet the 
CDH construction standard. In la te  Fall o f  1986, native grasses were 
seeded i n t o  the area, 
vegetation had failed. In June o f  1987, the 100 acres were ripped again 
and sorghum was planted. 

In the Spring o f  1987, it was apparent that  the 

The sorghum i s  ta l l  and thickly growning. 

Proposed Actions 
Area A - There i s  no vegetation on the plowed strips other than a 
healthy weed crop o f  cheat grass, Cheat grass or downey brome i s  an 
aggressive annual grass that invades disturbed areas and competes w i t h  
desirable species f o r  water and nutrients. January and February are the 
driest months o f  the year and two of the most windy. A good vegetation 
cover i s  needed to prevent wind erosion. Winter wheat i s  the only 
vegetation that can be planted now that could provide cover i n  those 
months. Wihter wheat must be planted as soon as possible. 
be disked twice t o  control the cheatgrass and winter wheat planted the 
week o f  October 12. Mulch will be applied a t  a rate o f  2 tons per acre 
and crimped i n t o  the soil. 
str ips will be mechanically turned over o r  chemically treated t o  stop the 
wheat growth and t o  control weeds, and native grasses will be drilled. 
The wheat growth must be stopped t o  prevent it from competing f o r  water 
and nutrients w i t h  the desired permanent vegetation. A mid-summer 1988 

weed control treatment may be necessary 
plowed i n  the spring of 1989, a t  the earliest. The process o f  p l a n t i n g  

will be repeated w i t h  a completion date o f  Summer 1990 

The area will 

In late  March or early A p r i l  o f  1988 the 

The intermediate strips will be 

Area 6 - The sorghum cover i s  doing very well , even on the rocky areas 
The week o f  October 12 will be used t o  spray Roundup t o  k i l l  the 
cheatgrass. The week of October 26 will then be used t o  p l a n t  native 
grasses through the sorghum cover The sorghum will protect the ground, 
b u t  will weather through the winter enough so t h a t  it will not  shade the  
grass seedl ings i n  the spring. 
mid-summer o f  1988. 
o f  1989 and the whole process repeated 

Some weed control may be necessary i n  

The intermediate strips will be plowed i n  the s p r i n g  



The Soil Conservation Service has been consulted and concurs with the 
details of the plan. 

Departures from Historical P1 ans 
Due to changing conditions caused by the difficulty in plowing the small 
rocky areas and the native grass seeding failure, some changes are 
warranted that require discussion with the Jefferson County Open Space and 
Administrative staffs. These are 1 isted below: 

1. Chemical weed control of cheatgrass will be necessary. Roundup will 
be sprayed under the sorghum cover or directly to weedy unseeded 
ground. This will reduce the tremendous cheatgrass cover and allow 
the perennial native to take hold, Roundup (isopropylamine salt of 
glyphosate) is an effective non-specific weed control agent which 
degrades quickly in the soil. 
controlled situations by a 1 icensed applicator with guidance from the 
manufacturer. The Rockwell project manager will discontinue 
operations if winds exceed 10 mph and if soil moisture is less than 
15% 

It will be applied under strictly 

2. An experimental use of a rock rake will be attempted prior to seeding 
this fall. 
long fence-like pile, 
needed such as borrowing a suitable cover, screening rocks out, etc. 
A small area with a large rock content will also be experimentally 
hydroseeded to determine the capabilities of hydroseeding and 
hydromul chi ng . 

Rocks will be windrowed to one side of a plowed strip in a 
It is possible that other measures may be 

3. The Soil Conservation Service originally recommended that the present 
seed mix be used to reclaim these lands. The mix consists of 40% 
western wheatgrass, 40% sideoats grama, 10% pubescent wheatgrass and 
10% smooth brome. This recommendation was made to bring the land back 



t o  native grassland, which i s  the designated goal and use i n  the SCS 
management plans for the area, These grasses can be very difficult t o  
grow and require several years before an effective cover can be 
establi shed. 

Sideoats grama may take years t o  grow i n t o  a major community 
component. 
t o  f i l l  i n  the community that will be l e f t  t o  bare soil and weeds in 
the meantime. 

I t  makes up 40% o f  the seed mix, That leaves a large hole 

I t  is now recommended that  the seed mix be altered t o  40% Western 
wheatgrass, 40% smooth brome, 10% pubescent wheatgrass and 10% 
sideoats grama. This will establish a quick cover that protects the 
soil. Smooth brome planted on the Coors gasline on the RFP site  has 
done very well and has stabilized the soil. 

The Soi l  Conservation Service has been consulted and concurs w i t h  the 
herbicide spraying recommendation. The SCS has also agreed t o  reconsider the 
seed mix composition w i t h  either agreement o f  Jefferson County or w i t h  a land 
use goal stated by Jefferson County that  will be compatible w i t h  a revised 
seed mix, 
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REMEDIAL ACTION PROGRAM ON JEFFERSON COUNTY OPEN SPACE LAND 
UPDATE FOR PERIOD JANUARY 1987 TO OCTOBER 1987 

1. Section 18, west and southwest o f  Mower Reservoir - 20 acres. 

A. June 22 t o  July 31, 1987. Plowing and r i p p i n g  operations conducted on 
20 acres. 
After i n i t i a l  ac t iv i t i es ,  sampling showed t h a t  the west end o f  the 
northern strip remained above the CDH standard. The northern-most 
strip was plowed again. 

Four strips 150 feet wide and 1500 feet long were plowed. 

B. Week o f  October 12, 1987. The strips will be disked t o  destroy cheat 
grass growth and planted w i t h  winter wheat. Mulch will be added and 
crimped a t  a rate o f  2 tons/acre. This will stabilize the areas over 
the winter. 

C. Late March o r  A p r i l ,  1988. Strips will be mechanically turned over or 
chemically treated t o  stop wheat growth and seeded w i t h  native grasses. 

D. Mid-summer, 1988, chemical weed control will be investigated. 

E. I f  stand o f  grass i s  offering adequate s i t e  stabilization, the 
unplowed areas will be plowed, tested and planted w i t h  winter wheat. 
Fall 1988. 

11. Section 7 ,  south and southwest o f  Great Western Reservoir - 100 acres. 

A. June 12 t o  July 28, 1986. R i p p i n g  operations conducted. 

B. June 11, 1987. Areas re-ripped. Vegetation had failed. 
Sorghum was replanted and came up well. 



C. Week o f  October 19, 1987. Cheat grass will be controlled with Roundup 
appl i cat1 on. 

-_ 
0. Week o f  October 26, 1987. 

sorghum cover. Alternative seeding practices will be investigated 
such as broadcast seeding, hydroseeding and a1 ternatives such as 
borrowing a suitable 6 inch cover soil to place on the rocks will be 
evaluated. These alternatives will be investigated to determine the 
best way to reclaim the small areas of rocky, difficult lands and 
prevent erosion. 

Native grasses will be seeded through the 

E. Spring 1988, early April. An evaluation o f  probable seeding success 
will be made based on available moisture and indications o f  sprouting. 
I f  necessary, a second spring seeding will be conducted. 

F. Mid-sumner 1988 weed control may be necessary. Seeding success will 
be evaluated. I f  revegetation is successful, the intervening strips 
will be plowed. 



REMEDIAL A C T I O N  A I R  SAMPLING RESULTS - 1987 

Z L - J U N - ~ ~  
22-JUN-87 
23-JUN-87 
23-JUN-87 
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26- J UN-87 
27-JUN-87 
27-JUN-87 
01-JUL-87 
01-JUL-87 
02-JUL-87 
03-JUL-87 
03-JUL-87 
07-JUL-87 
07-JUL-87 
08-JUL-87 
08-JUL-87 
09-JUL-87 
09-JUL-87 
10-JUL-87 
10-JUL-87 
14-JUL-87 
14-JUL-87 
15-JUL-87 
15-JUL-87 
16-JUL-87 
16-JUL-87 
17-JUL-87 
17-JUL-87 
18-JUL-87 
18-JUL-87 
21-JUL-87 
21-JUL-87 
22-JUL-87 
22-JUL-87 
23-JUL-87 
23-JUL-87 
24-JUL-87 
25-JUL-87 
25-JUL-87 
28- JUL-87 
28-JUL-87 
29-JUL-87 
29-JUL-87 
30-JUL-87 
30-JUL-87 
31-JUL-87 
31-JUL-87 
01-AUG-87 
01-AUG-87 
04-AUG-87 
04-AUG-87 

A 
6 
A 
E? 
A 
B 
A 
B 
A 
8 
A 
B 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 

1627 
1627 
1605 
1622 
1528 
1593 
1721  
1712 
1825 
1825 
1627 
1644 
1627 
1579 
1627 
1729 
1735 
1559 
1559 
1672 
1683 
1644 
1616 
1661  
1638 
1571  
1582 
1655 
1672 
1526 
1593 
1509 
1497 
1706 
1695 
1548 
1554 
1622 
1610 
1723  
1328 
1367 
1678 
1635 
1559 
1633  
1644 
1650 
1644 
1633  
1559  
1565 
1678 
1672 

0.000088 
0.000197 
0.000028 
0.000038 
0.000001 
0.000161 
0.00007 3 
0.000044 
0.000003 
0.000006 
0.000009 
0.000038 
0.000000 

-0.000006 
0.00001 1 

-0.000002 
-0.000019 
0.000062 

-0.000025 
0.000057 
0.000198 
0.000001 
0.000074 
0.000063 
0.000031 
0.000040 
0.000001 
0.000014 
0.000008 

-00000010 
00000130 

-0.OOOOO5 
-0.0000 13 

0.000003 
0.00003 1 
0.000005 
0.000021 

-0.000010 
-0.OOOOO3 
-0.000003 
-0.000032 
0.000015 
0.000024 

-0.000013 
0.000017 
0.000001 

-0.000003 
-0.000005 
0.000117 

-0.000018 
-0.OOOO28 
-0 . 000012 
0.000013 
0.000022 

0.000042 
0.000057 
0.000039 
0.000038 
0.000040 
0.000049 
0.000039 
0.000039 
0.000033 
0.000040 
0.000038 
0.000076 
0.000038 
0.000039 
0.000038 
0.000032 
0.000034 
0.000043 
0.000039 
0.000039 
0.000053 
0.000037 
0.000041 
0.000040 
0.000038 
0.000041 
0 .000039  
0.000038 
0.000037 
0.000040 
0.000045 
0.000041 
0.000041 
0.000036 
0.000038 
0.000041 
0.000041 
0.000037 
0 . 0 0 0 0 3 8  
O.hOO33 
0.000044 
0,000045 
0.000038 
0.000037 
0.000040 
0.000037 
0.000037 
0.000037 
0.000044 
0.000036 
0.000028 
0.000038 
0.000037 
0.000038 



REMEDIAL ACTION AIR SAMPLING RESULTS - 1987 
DATE DATE SAMPLER VOLUME POINT EST. + / -  ERROR 

- - - - - - - -  a 
lrt-AUG-87 
04-AUG-87 
05-AUG-87 
06-AUG-87 
06-AUG-87 
2 0 - AUk - 8 7 
20-AVG-87 
2 1 -AUG-87 
2 1-AUG-8 7 
04-NOV-87 
04 - NOV-a 7 
04-NOV-87 
05-NOV-a7 
05-NOV-87 
06-N OV-8 7 
06-NOV-87 
06-NOV-87 
06-N OV-8 7 
06-NOV-87 
09-NOV-87 

09-NOV-87 
09-NOV-87 

09-~0v-a7 

-NOV-87 
YOV-87 
NOV-87 

13-NOV-87 
13-NOV-87 
14-NOV-87 
14-NOV-87 
14-NOV-87 
14-NOV-87 
14-NOV-87 
23-NOV-87 
23-NOV-87 
2 3- NOV -87 
23-NOV-87 
23-NOV-a7 
04-DEC-87 
04-DEC-87 

OFF m3 

05-AUG-87 A 1525 
05-AUG-87 B 1531 
06-AUG-87 A 1661 
07-AUG-87 A 1729 
07-AUG-87 B 1644 
21-AUG-87 A 1548 
21-AUG-87 B 1571 

22-AUG-87 B 1458 
04-NOV-87 A 1639 
04-NOV-87 A 1639 
04-NOV-87 C 1663 
05-NOV-87 A 1644 
05-NOV-87 C 1651 
08-NOV-87 A 4891 
08-NOV-87 B 4824 
08-NOV-87 C 4806 
08-NOV-87 0 4827 
08-NOV-87 E 4039 
13-NOV-87 A 6404 
09-NOV-87 B 1709 
14-NOV-87 C 8116 
11-NOV-87 D 4936 
10-NOV-87 E 3263 
12-NOV-87 D 1584 
13-NOV-87 B 1542 
13-NOV-87 D 1514 
13-NOV-87 E 1510 
14-NOV-87 A 1752 
14-NOV-87 B 3367 
14-NOV-87 C 1758 
14-NOV-87 D 3362 
14-NOV-87 E 3366 
23-NOV-87 A 3581 
23-NOV-87 B 1639 
23-NOV-87 C 3576 
23-NOV-87 D 1639 
23-NOV-87 E 1639 
04-DEC-87 A 542 
04-DEC-87 C 559 

. _ - - - - - - - - - - - - - - - - - - - - - - - - - -  

22-AUG-87 A 1458 

pCi/m3 - - - - - - - - - - - -  
0.000011 

-0 . 000015 
-0 .oooo 12 
0.000439 
0.000030 
0.000340 
0.000390 
0.000009 
0 . 0097 78 
0.000007 
0.000007 
0.000086 

-0.000003 
0.000064 
0 . 0000 1 1  
0.000000 
0.000035 
0 . 000013 

-0.000008 
0 .oooooo 
0.000007 
0.000015 
0.000018 
0.000008 
0.000072 

-0.000007 
0.000105 
0.000000 
0.000044 
-0.000001 
-0.000010 
-0.000008 
-0.000007 
0.000001 

-0.000018 
0.000013 

-0.000019 
-0.000015 
-0.000041 
0.000020 

p C i  /m3 - - - - - - - - - - -  
0.000041 
0.000039 
0.000037 
0.000065 
0.000038 
0.000064 
0.000068 
0.000041 
0.001607 
0.000043 
0.000043 
0.000044 
0.000036 
0.000044 
0.000015 
0.000014 
0 , 0 0 0 0  16 
0.000015 
0.000016 
0.000011 
0.000041 
0.000009 
0.000015 
0.000021 
0.000046 
0.000044 
0.0001 55 
0.000046 
0.000041 
0.000020 
0.000039 
0.000021 
0~000020 
0.000020 
0.000042 
0.000021 
0.000042 
0.000042 
0 . 000127 
0.&00125 
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STATUS OF REMEDIAL ACTION 
ON JEFFERSON COUNTY LANDS 
EAST OF INDIANA STREET 

NOVEMBER, 1987 TO NOVEHBER, 1988 

This report summarizes the actions that have occurred on the 
remedial act ion lands east of Indiana Street adjacent to the 
Rocky F l a t s  Plant.  
The l a s t  update presented to Jefferson County was i n  November of 
1987 

These lands are owned by Jefferson County 

Subsequent t o  the plowing act i v i ty  i n  the area immediately t o  the 
west of Mower Reservoir i n  Section 18, sampling indicated that 
the plutonium l e v e l s  i n  the s o i l  remained above the standard o f  
0 9 picocuries per gram o f  s o i l  The area was plowed a second 
time and sampled again. The results  were not yet available f o r  
the November 1987 update document The sample resu l t s  were 0 04 - + 0 13 pCi/g and 0 00 & 0 13 pCi/g for duplicate analys is  This 
indicates that plowing the second time was successful in reducing 
the plutonium concentrations below the standard, and revegetation 
ac t i v i t i e s  could begin. 

SOUTH AREA ACTIVITIES (WEST OF W E R  RESERVOIR, SECTION 18) 

FALL, 1907 

I n  order to reduce competition from weed species, primarily cheat 
grass, the plowed s t r i p s  were disced in ear l y  November t o  k i l l  
the weeds This was i n  anticipation o f  a spring seeding o f  
native grasses.  Removing the weedy species would g i ve  the 
planted native grasses a better chance o f  successful growth i n  
the spring. To reduce xor eliminate any wind or  water erosion 
from the surface, I )  the surface was l e f t  in a roughened state; 
2)  winter wheat was planted at approximately 20 pounds o f  seed 
per acre, and 3) a native grass  hay mulch was placed onto the 
surface a t  a r a te  o f  2 tons per acre and crimped into the soil 
with a d i s c  with crimper blades This was a l l  completed in  early 
Oecember 

WINTER, 1981-1988 

Inspections were conducted during the winter months t o  detect any 
erosion ear l y  and perform any necessary erosion control work. 
The inspections revealed that 1 i t t l e  if any erosion was occurring 
and the snow downwind o f  the area was clean, even after heating 
o f  the s o i l  had exposed the mulched area. 

SPRING, 1988 

Seeding o f  the area was begun toward the end o f  Ap r i l ,  and 
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completed April 25 The native grass seed was planted through 
the existing cover o f  weeds without disturbing the surface t o  any 
great extent. A s ignif icant amount of natural vegetation not 
k i l l ed  by the plowing i s  recovering This w i l l  greatly increase 
the diversity o f  the revegetated surface 

SUMMER, FALL, 1988 

The summer and f a l l  months at the project s i t e  were extremely 
dry Normal thunderstorm activity contributed very 11 t t l e  
precipitation. The seeds have not sprouted, for the most part 
A s i t e  v i s i t  with M r  Gary Finstad of  the U.S Soi l  Conservation 
Service on October 17th, 1988 revealed that most o f  the seed i s  
ly ing  dormant i n  the so i l .  A winter o f  precipitation should 
produce a good crop o f  native grass i n  the spring. Erosion 
protection i s  being provided by the winter wheat that did 
germinate and a continuous cover o f  annual and perennial weeds. 

NORTH AREA (SOUTH OF GREAT WESTERN RESERVOIR, SECTION 7) 

FALL, 1987 

The plowed s t r ip s  in the north area were sprayed with Roundup 
herbicide during the first two weeks i n  November. This was t o  
reduce the competition caused by weeds, primarily cheat grass, Y W ~ +  - 
with the native grasses. The control was very successful. 
Roundup was used because it is a safe, eas i ly  used herbicide with 
a very short residence time i n  the so i l  Erosion protection for  
the winter months was provided by the tough, f a i r l y  t a l l  stalks 
o f  the sorghum cover that had been planted previously. 

WINTER, 1987-1988 

Periodic inspections during the winter were conducted to f ind and 
correct any erosion problems that might be occurring. Erosion 
was not a problem, although prair ie dogs continue to increase in 
numbers and threaten to compromise revegetation efforts i n  some 
areas 

SPRING, 1988 

Seeding WE started during the first part o f  April and was 
completed on the 15th. The seeding was done through the 
remaining standing dead vegetation which had weathered 
suff ic iently  during the winter so as not to hinder the seeding 
equipment. 

SUMMER, FALL, 1988 

As discussed above for  the south area, the sumner was very dry 
and very l i t t l e  o f  the seed germinated over the s u m r .  It  i s  
ly ing  dormant and more success w i l l  be seen i n  the spring of  
1989 Erosion protection i s  being provided by annual and 
perennial weeds, rock, and the remaining sorghum skeletons. 



FUTURE PUWS FOR NORTH AND S(" AREAS 

Monitoring for both erosion control and vegetation success are 
planned for the winter of 1988-1989, and spring/summer 1989. 
Pending the outcome of the spring germination and summer growth 
of grasses, the next possible time to begin plowing the 
intermediate strips in the areas will be fall of 1989, although 
it might be advisable to wait until spring of 1990 

Other activities that will be started will be some experimental 
work with hydromulching and hydroseeding for the exceptionally 
rocky areas. Prior to any startup of these activities, Jefferson 
County will be notified, and asked for approval of any plans for 
these practices. 

a 
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INTRODUCTION 

STATUS OF REMEDIAL ACTION PROGRAM ON 
JEFFERSON COUNTY OPEN SPACE LAND 

JANUARY 1 9 8 9  TO AUGUST 1 9 8 9  

T h i s  r e p o r t  summarizes t h e  a c t i o n s  t h a t  have occurred on t h e  
remedial a c t i o n  l a n d s  e a s t  of  Indiana Street a d y a c e n t  t o  t h e  Rocky 
F l a t s  P l a n t .  The l a s t  
update p r e s e n t e d  t o  J e f f e r s o n  County was i n  November o f  1 9 8 8 .  

T h e s e  l a n d s  a r e  owned by J e f f e r s o n  County. 

SOUTH AREA ACTIVITIES - 20 ACRES 
WEST OF MOmR RESERVOIR, SECTION 18 

SPRING, 1987 

Plowing and r i p p i n g  o p e r a t i o n s  were conducted on 2 0  a c r e s  i n  June 
and J u l y  Four s t r i p s ,  150 f e e t  wide and 1500 f e e t  l o n g ,  were 
plowed Sampling showed t h a t  t h e  west end o f  t h e  northern s t r i p  
remained above t h e  CDH standard. The northern s t r i p  was plowed a 
second time i n  J u l y .  T h i s  s t r i p  was sampled i n  September and 
r e s u l t s  were below t h e  CDH standard, so r e v e g e t a t i o n  a c t i v i t i e s  
c o u l d  proceed. 

FALL, 1987 

The plowed s t r i p s  were disked i n  e a r l y  November t o  k i l l  t h e  
c o m p e t i t i v e  weed s p e c i e s ,  p r i m a r i l y  c h e a t g r a s s .  To reduce o r  
e l i m i n a t e  any wind o r  water  e r o s i o n  t h e  s u r f a c e  was l e f t  i n  a 
roughened state,  w i n t e r  wheat was p l a n t e d  a t  approximately 20 
pounds o f  seed p e r  a c r e  and a n a t i v e  g r a s s  hay mulch was crimped 
i n t o  t h e  s o i l  a t  a r a t e  of 2 t o n s  p e r  a c r e .  T h i s  work was 
completed i n  early December. 

WINTER, 1987 

I n s p e c t i o n s  of the a r e a  revealed t h a t  l i t t l e  i f  any e r o s i o n  was 
occurring.  The snow downwind of t h e  a r e a  was c l e a n ,  even a f t e r  
s o l a r  h e a t i n g  of t h e  s o i l  had exposed t h e  mulched a r e a .  

SPRING, 1 9 8 8  

The n a t i v e  grass seed was planted i n  A p r i l  through t h e  e x i s t i n g  
c o v e r  of  weeds w i t h o u t  d i s t u r b i n g  t h e  s u r f a c e  t o  any g r e a t  e x t e n t .  
A s i g n i f i c a n t  amount o f  n a t u r a l  v e g e t a t i o n  t h a t  was not  k i l l e d  by 
t h e  plowing was r e c o v e r i n g  and would i n c r e a s e  t h e  diversity o f  the 
r e v e g e t a t e d  s u r f a c e .  

FALL, 1 9 8 8  

T h e  summer and f a l l  months a t  t h e  p r o ) e c t  s i t e  were extremely dry.  
A s i t e  v i s i t  w i t h  Mr. Gary Finstad of t h e  U . S .  S o i l  Conservation 
Service on O c t o b e r  1 7 t h ,  1 9 8 8  r e v e a l e d  t h a t  most o f  t h e  seed i s  



lying dormant in the soil. Winter precipitation was expected to 
produce a good crop of native grass in the spring. Erosion 
protection consisted of the winter wheat that did germinate and a 
continuous cover of annual and perennial weeds. 

SUMMER, 1989 

A site visit with Mr. Gay Finstad of the U.S. Soil Conservation 
Service on July 24, 1989 revealed growth varying from good to poor. 
There is much musk thistle, bindweed and cheatgrass infestation. 
Recommendations were: 1) Leave areas with good grass establishment 
alone until next season, then control weeds and encourage 
vegetative reproduction by mowing. 2 )  Areas with marginal growth 
may show improvement in October due to cool season grasses. If 
growth is good, treat as no. 1 above, otherwise treat as no. 3 
below. 3 )  Interseed into existing cover on or about November 1, 
1989 Areas with cheatgrass infestation may be treated with 
herbicide (Roundup), but any herbicide effective on cheatgrass will 
also kill the desirable grasses. Bindweed can be eliminated with 
herbicide (Banvel). Timely mowing of musk thistle can be an 
effective control. 

NORTH AREA - 100 ACRES 
SOUTH OF GREAT WESTERN RESERVOIR, SECTION 7 

SPRING, 1986 

Approximately 100 acres were ripped and plowed in June and July . 
All areas that were plowed were sampled and meet the CDH standard. 

FALL, 1986 

Native grasses were seeded into the area. 

S P R I N G ,  1987 

Inspections showed the vegetation had failed. Failure was 
attributed to the high rock content. In June , the 100 acres were 
ripped again and sterile sorghum was planted. 

FALL, 1987 

The sorghum cover was doing very well, even on the rocky areas. 
The plowed strips were sprayed with Roundup herbicide during the 
first two weeks in November. This successfully controlled 
competition from weeds, primarily cheatgrass. Erosion protection 
for the winter months consisted of the stalks of sorghum. 

WINTER, 1987-1988 

Inspections showed erosion was not a problem. Prairie dogs were 
noticed to be increasing in numbers. Prairie dogs can compromise 
revegetation efforts. 



SPRING, 1988 

Native grasses were seeded through the sorghum cover in April. 

FALL, 1988 

The summer was very dry and very little seed germinated over the 
summer. Winter precipitation was expected to produce more success 
in 1989. Erosion protection was provided by annual perennial 
weeds, rocks, and the remaining sorghum skeletons. 

SUMMER, 1989 

A site visit with Mr. Gary Finstad of the U . S .  Soil Consewation 
Service on July 24, 1989 revealed that the southernmost strips 
showed good grass establishment. Some areas are very spotty and 
only marginally successful. The predominately rocky areas are 
showing few, if any, signs of grass and will need to be reseeded. 
Erosion control consists of native weed cover and rock. 
Recommendations were:l) Leave areas with good grass establishment 
alone until next season, then control weeds and encourage 
vegetative reproduction by mowing. 2) Areas with marginal growth 
may show improvement in October due to cool season grasses. If 
growth is good, treat as no. 1 above, otherwise treat as no. 3 
below. 3) Interseed into existing cover on or about November 1, 
1989. Areas with cheatgrass infestation may be treated with 
herbicide (Roundup), but any herbicide effective on cheatgrass will 
also kill the desirable grasses. Bindweed can be eliminated with 
herbicide (Banvel) . 
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S ~ P C I ~ S  

P u b e s c e n t  Uheatgrass Luna 
(Aorocvron tri c h o o h o r u n )  

N I C  ,s 

K , h' , 5 

I .c,s 

Smooth Brome L i n c o l n  1,CIS 
(Srmus i n e m  s ) - 

4 G  3 s  

10 1: 

10 1 3  

TOTALS 100% 12 7 

L/These v a r i e t i e s  were d e v e l o p e d  fo r  c o n s e r v z t i c n  u s e s ,  t h e y  h a v e  s u p e r i o r  v i g o r  
and p r o d u c t i o n  p o t e n t i z l .  Thsy are a v a i  l a b l e  local  ly--ACCEPT NO SUSSTITUTES. 
We recommend t h a t  c e r t i f i e d  seed be p u r c h a s e d ;  t h i s  i s  a g u e r a n i e e  o f  species 
and varietal p u r i t y .  

Z / C h a r a c t e r i s t i c s  
C = cool s e z s o n  ( b e g i n s  growth and makes seed i n  w r i n g  t o  early summer, w i t h  
some regrowth i n  t h e  
sumiier months); S = sod forner, B = bunch grzsS.  

N = n a t i v e ,  I = i n t r o d u c e d ,  n o t  i n d i g e n o u s  t o  t h i s  a r e a ,  

W = warm s e s s c n  ( b e s i n s  growth  a n d  n a k e s  seed i n  wzrm 

/PLS = P u r e  Live Seed. 
i n  a bag-or lot of-seed, check t h e  seed t a g :  

T h i s  I S  v i a b l e  seed of t h e  r i g h t  species. To f i n d  PLS 
% P u r i t v  x X C e r n i n ~ t i o n  

100 PLS = 

If e bzg o f  w e s t e r n  w h e a t g r a s s  h z s  90% p u r i t y  2?d 80% g e r m i n a t i o n ,  we h z v e  

If we want t o  seed 16 l b  P L S / a c r e ,  and our OLS i s  72%, we n e e d  i o  seed b u l k  seed 
a: 2 r z t e  of.% = 22.2 'b/zcre. 
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JEFFERSON COUNTY REMEDIAL ACTION LANDS 

1989 REMEDIATION STATUS 
AND 

ACTIONS FOR 1990 

EXECUTIVE SUMMARY 

The fourth growing season of the remediation effort ended this past autumn 
Weeds dominate the panorama of the remedial action lands. Approximately 90% of 
the plowed-reseeded lands have no seeded grass cover The poor outcome of the 
reseeding effort appears very related to 

1 )  ineffective amounts and/or seasonal distribution of precipitation, 
2) extremely rocky surfaces or clayey soils, 
3) an expanding prairie dog population. 

Most of the successfully seeded and established portions (10%) of the remedial 
action lands have produced a substantial stand of grasses These areas also bear 
many weeds but should adequately suppress this weed onslaught 

Prairie dogs have devastated much of the vegetal cover of the remediation lands, 
including both the plowed, seeded strips and the alternating strips of unplowed 
prairie Prairie dog control must occur in order to stabilize soils 

P1 anned act1 ons i ncl ude. 

1 
2 
3 

) low and no tillage methods of reseeding, 
) irrigation for seedling establishment, 
) enduring weed suppression and control through mowing and herbicidal 
methods, 

methods 
4) prairie dog suppression and control with physical and/or toxicogenic I 



2 

INTRODUCTION 

This report concludes the fourth growing season since remedial activities were 
initiated on these lands, it summarizes both the 1989 land status and 1990 
planned remedial actions 

The goal of the remediation effort is 

1) soil mixing to reduce surface concentrations of plutonium of the subject 
land to bring them into compliance with CDH guidelines of 2 d/m/g 
( 9 pCi/g) o f  dry soil, and 

2) revegetation to stabilize the soils with a sustainable, reproducing 
vegetation (one that would evolve towards a native grassland) 

No remedial activities occurred on these lands this past growing season due to 
a temporary void in the RFP position o f  the soils-range scientist The position 
was filled in mid-September, after which the evaluation of land status was 
performed During separate occasions, outside professional critiques were 
solicited from Gary Finstad of the USDA Soil Conservation Service, Wayne Woods 
of Vegetation Services and Frai-,K Kunze of Jefferson County Open Space. 

ECOLOGICAL AND MANAGERIAL STATUS OBSERVATIONS 

During 1989, the remedial action lands existed in a state of weed infestation 
with a fair, but unreliable stabilization of soils. Figure 1 illustrates the 
managerial status o f  these lands 

Tall weeds such as Canadian, Russian and musk thistles as well as mustards 
dominate the plowed, reseeded lands. The substratum is dominated by shorter 
weeds such as bindweed and cheatgrass (downy brome). Weeds are the sole vegetal 
cover of approximately 90% of the reseeded lands 

Only 10% of the reseeded areas have a fair to excellent establishment of grasses 
Despite a co-existing weed component in these areas, most o f  the grasses appear 
well enough established and to have the competitive advantage over the weeds for 
control o f  resources. 

Local ized surface accumulations of rocks (cobbles) occur over approximately 30% 
of the reseeded land. The majority of these cobbles surfaced during tillage and 
in some cases impose nearly a 90 percent surface coverage These areas have a 
vegetal cover of weeds with no apparent seeded grasses. 

A prairie dog infestation impacts approximately 60% and 30% of the northern and 
southern remediation lands, respectively These percentages are inclusive of 
both the plowed,seeded lands and the unplowed lands (alternating strips o f  land 
that currently are planned to be plowed) Consequently, some of the unplowed 
lands exist in a stressed prairie/weed vegetation or pasture/weed vegetation. 
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Where burrow density is greatest (about 20% of reseeded lands), the prairie dog 
impact to the landscape environment is of particular severity and interest 
Here, with relatively minimal wind protection, are soil materials that once were 
purposely plowed under and now have been brought back to the surface around 
burrows, while between the burrows are vegetationally denuded soils These 
barren soils are exposed to wind and water erosion 

SEEDING RESULTS ANALYSIS 

Based on the above observations and precipitation records, the poor seeding 
and/or plant establi shment results apparently can be attributed to at 1 east three 
factors- 

1) Lack of effective amounts of precipitation and soil moisture Relative 
to the clayey and rocky soils, effective amounts o f  precipitation 
simply were not distributed over each year's growing season to coincide 
with timing of seed and/or seedl ing physiological demand Winter and 
spring recharge of soil moi sture apparently was inadequate some years 
for either germination or seedl ing requirements 

2) Extremely rocky surface. The rocks impeded placement and coverage 
of the fine seeds during the seeding operations 

3) Prairie dog infestation. The demise of any successfully emerged 
seedling is very predictable due to its palatability to the prairie 
dogs. In addition to their herbivory and burrowing habits, the rodent 
keeps a mowed vegetation as its visual defense against ground and aerial 
predators Their activities promote soil destabilization High 
actizity areas2 surround individual burrows with barren soils (areas o f  
25ft to 200ft per burrow), while further out persistent and heavy 
grazing has eliminated grasses to favor a suppressed weed population. 

The successfully seeded and established areas had little or no prairie dog 
activity. Otherwise, the 10% seeding success in the northern remediation lands 
appears very related to the factor o f  topography, which translates into the 
maintenance o f  favorable amounts of soil moisture More specifically, the small 
areas o f  success occurred only on upland terrain that either was nearly level 
or sloping to the north (a NW to NE arc). These sites have a diminished 
evaporation rate of soil moisture relative to the hotter and drier south facing 
slopes 

Factors contributing to the 10% seeding success in the southern remediation lands 
were not apparent other than the possibility of pockets of deep and/or loamy 
soils 
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I 

1990 ACTIONS 

I n  l i g h t  o f  the above observations and analyses,  management o f  the remedial 
act ion  program w i l l  be in tens i f ied  The fo l lowing  act ion  components w i l l  occur 
dur ing 1990 in  order  e s tab l i s h  and nurture a des i red vegetation and stable s o i l  

A Action Components 

1) Change o f  seed mix Through seeding evaluat ions and d i scuss ions  with 
Gary F in s tad  and others,  the fol lowing seed mix w i l l  be used f o r  seeding 
operations dur ing  1990 I t  i s  not subs tant ia l l y  d i f ferent  from the 
o r i g ina l  seed mix As additional information i s  gleaned from r e s u l t s  o f  
remediation methods and procedures, it should be expected that subsequent 
requests f o r  seed mix changes may be forthcoming. 

SDeci e s  

Western wheatgrass 
(Agropyron smith i i )  

Percent o f  Mix 
Var ie ty  ol d new 

a r r i  ba 40 40 

S ideoat s  grama Vaughn 40 25 
(Boutel oua curt  i pendul a) 

(Boutel oua g rac i  1 i s )  

* 

Blue grama 0 15 

Pubescent wheatgrass Luna 
(Agropyron tri chophorum) 

10 10 

Smooth brome 
(Bromus i nermi s) 

L i  ncol n 10 10 

2)  P r a i r i e  dog suppression and control Approximately 100 acres are 
currently impacted by p ra i r i e  dogs, perhaps 30 acres are c r i t i c a l l y  
impacted Without contro l s  or  1 imits, p r a i r i e  dog acreages tend t o  expand 
20% t o  30% per  year Thus, 80% o f  the northern remediation lands l i k e l y  
would be impacted by the end o f  the next growing season, 1990. 

An e f fect i ve  control  implies el iminating more than 80% o f  a p r a i r i e  dog 
colony, otherwise the first annual reproduction i s  absorbed by the colony 
and br ings  t he  population back t o  100% (Normally when reproduction cannot 
be absorbed i n t o  the colony, pups w i l l  migrate t o  adjacent areas). 

L ive  t rapping  and transplanting p r a i r i e  dogs i s  discouraged by the Colorado 
D i v i s i o n  o f  W i l d l i f e .  I t  i s  expensive and i ne f f i c i en t .  More than h a l f  
o f  transplanted p r a i r i e  dogs d ie  o r  are k i l l e d  by predators dur ing the 
first week un le s s  expensive set-up e f f o r t s  are performed. Late winter and 
ear ly  sp r i ng  p r i o r  t o  pups being born i s  the best  time fo r  trapping. 
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A grain applied toxicant (zinc phosphide) is available and regulated by 
the EPA However, it is only 85% to 90% effective and a return to 100% 
of the population can occur in  just three years. The grain may impart a 
non-target kill, particularly birds July 15 through November 15 are the 
effective use dates of this product 

An aluminum phosphide fumigation, regulated by the EPA, results in 95% to 
98% reduction in prairie dogs Since burrows are sealed, fleas which 
transmit bubonic plague become entrapped in holes There is no residual 
poison on soils, vegetation or poisoned rodents (in fact, coyotes and foxes 
commonly dig out some of the carcasses and consume them). A non-target 
kill may occur in the burrows April 1 through October 15 are the 
effective use dates of this product 

The most efficient approach to the arrest and control of the prairie dog 
infestation is fumigation The procedure will be administer by a licensed 
pest control company The prerequisite of a black-footed ferret 
reconnaissance or search will be complied with prior to the fumigation 
act i on 

3) Weed suppression and control A program of herbicide spraying and 
mowing will be implemented this spring and summer to control the weed 
infestation and reduce any fire hazard such as might be created by downy 
brome (cheat grass). Applied herbicides will include only those approved 
by RFP, all of which have short term residuals 

4) Seed bed preparation Tillage will not only provide a suitable seed 
bed in areas of least rockiness, but also may provide some control o f  
certain weed species Other than a possible herbicide treatment, the 
rocky areas will receive no pre-seeding treatment and seeding should occur 
with a hydroseeder. Any tillage of rocky areas may serve mostly to bring 
an even greater percentage of rocks to the surface while allowing fine soil 
materials to settle still further below the surface, thus, reducing both 
the effective area and already poor quality of seed bed. 

. 

5) Seeding. Two weeks subsequent to herbicide treatment of rocky areas, 
the seed mix will be hydroseeded (mid May at latest) On areas of least 
rockiness, a cover crop of forage sorghum will be drill seeded immediately 
following any tillage during late spring, then during late autumn 
interseeding of the seed mix will occur within the standing sorghum 

6) Mulching. Mulching will include a crimped or tackified straw mulch 
and a hydromulch, only the one most appropriate for site conditions to be 
used after each seeding operation 

7) Irrigation The potentiality of another partial or season long dry 
spell must be reckoned with in order to have the greatest probability 
for success The experiences of the past four seasons have shown moisture 
to be the most limiting factor of success. Subsequent to a successful 
seed germination, plant establishment can fail due to lack of effective 
soil moisture during critical periods. A single or dual truck spray 
irrigation system will be implemented this summer to meet the demands of 
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I 

PART I ES 
ACTION 1. 

PARTY 
ACTION 2. 

DATE 

2 SDrina 1990 

PARTY 
ACTION l *  

DATE DUE 

PARTY 
ACTION 2. 

DUE DATE* 

PARTY 
ACTION 3. 

DATES DUE* 

the seeded vegetation The tanker truck will have a 4000 gallon capacity 
with a pump and top-mounted water gun. Source of supplemental water would 
be Pond C-2 or RFP domestic supply With effective amounts of natural 
precipitation, supplemental watering would not be required 

B ACTION IMPLEMENTATION CHRONOLOGY 

1 SPRING 1990 

Jefferson County Officials 
Respond to any proposed act i on, part i cul arl y regard1 ng 
herbicide spraying, prairie dog suppression and seed mix 
changes 

Remedi at i on Coordinator 
Eva1 uate responses and accordingly arrange any contracts 
for herbicide spraying and prairie dog suppression and 
order seed mix 

Arrange contracts for tilling, seeding and mulching and 
leasing equipment. 
Spring 1990 

Contractors 
With appropriate consultations, apply herbicide to 
suppress cheatgrass and emerging broadleaf plants on 
lands to be reseeded. If necessary and similarly 
approved, apply broadleaf herbicide to the 10% 
successfully seeded and established areas in order to 
reduce any aggressive weed competition 
Mid to late spring. 

Contractors. 
Depending upon time since herbicide application, 
hydroseed the rocky areas with seed mix and cover with 
hydromulch. Till and seed forage sorghum on non-rocky 
areas Mulch with straw and secure with tackifier or 
crimper 
Late April through mid-June 

Remediation Coordinator or contractor 
Irrigate when necessary for appropriate germination i f 
natural precipitation fails to occur 
April through mid-June 
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3 Summer 2990 

PARTY 
ACTION 1 

DATES DUE: 

4 Autumn 1990 

PARTY. 
ACTION 1 

DATE DUE 

PARTY 
ACTION 2 

DATE DUE. 

5 1 9 9 1  
PARTY 
ACTION 

DATE DUE. 

Remediation Coordinator. 
Closely monitor reseeded areas for necessary irrigation, 
weed control, fertilization and soil erosion 
Accordingly, activate necessary contractor or personnel 
Durat i on of summer 

Remediation Coordinator 
Closely monitor reseeded areas for necessary irrigation, 
weed control and soil erosion Accordingly, activate 
necessary contractors or personnel 
Early autumn 

Contractor 
Interseed forage sorghum areas with the seed mix and 
follow with mulch that is well secured and able to 
withstand the winds of winter and early spring 
Early November 

Remed i at i on Coord i nat or 
Monitor all aspects and status o f  remediation lands 
Accordingly, respond and treat as described above or in 
another appropriate manner 
Year round. 
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JEFFERSON COUNTY REMEDIAL ACTION LANDS 
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This report summarizes the current status and land management activities planned for 1991 on 
Jefferson County remediation land The March 1990 report proposed a program of remedial 
actions for the 1990 growing season but those actwities were not carried out, for the most 
part, due to personnel changes at Rocky Flats Plant (RFP) RFP is concerned about this break 
in activities and has assigned a full time manager to the offsite areas with specific interest in 
revegetation Michael Guillaume of EG&G is the manager of the offsite areas and can be reached 
at the plant site at 966-4291 With the specific goal of revegetation, the actions proposed for 
1991 are similar to the 1990 proposal except for a change in amount of land area requiring 
revegetation work Due to the successful growing season in 1990, the area requiring new 
seeding is 40% smaller 

The goals of the remediation program are 

1) Reduce the surface plutonium concentrations to below the Colorado Department of 
Health (CDH) plutonium-in-soil construction standard of 0 9 pCVg by tilling 
the soil, and 

2) Revegetate the resulting disturbed soil to stabilize with a perennial, self- 
sustaining grass cover 

Soil samples were taken from the tilled and untilled strips rn January 1991 The CDH Radiation 
Control Division was consulted on the soil sampling methodology The soil samples will be 
analyzed for plutonium and americium The previous soil samples taken in 1986 and 1987 do 
not follow current quality assurance protocols, thus new samples to confirm the reduction of 
soil plutonium by tilling are needed A significant change in the analysis results from the 
earlier data is not expected The lab results will be sent to Jefferson County as w o n  as they are 
available 

RFP has monitored the Jefferson County remediation land since the 1988 seeding actnrity Data 
from 1989 and 1990 show the remedial action lands were protected from wind and water 
erosion by a fair-to-good vegetative ground cover Figure 1 presents a photograph taken 
October 1990 comparing the native vegetation with the remediated vegetation The percentage 
of grass versus weed cover IS highly variable on the site Some areas are completely dominated 
by seeded grasses and others are completely dominated by weeds The vegetatlon shown in Fgure 
1 IS representative of the cover The vegetatwe ground cover is sufficient to stabilize the soil 
and minimize soil erosion Gary Finstad of the Soil Conservation Service concluded the area of 
successful revegetation increased significantly during the 1990 growing season The intended 
result of the 1991 land management program is to increase the area and productivity of 
perennial grasses and diminish competition from weedy species 

The objective of revegetation is to speed natural processes of vegetation establishment by 
encouraging desirable permanent plant species and discouraging weedy species By the natural 



process of revegetation, weedy species are generally the first plants to invade disturbed sites 
As the weeds modify the immediate environment they allow other more permanent plants to 
invade and replace the weeds The disturbed site thus evolves over time into a self-sustaining 
plant community Weeds are not a dependable plant cover as many are annuals and hghly 
dependent on precipitation 

The increase in revegetated species may be explained by the above average spnng rainfall that 
was received in 1990 The Boulder station of the National Oceanic and Atmospheric 
Administration reported 4 4 inches of moisture in March 1990 compared with an average of 
1 8 inches during March 1987-89 

Along with the overall increase in perennial plant cover, each species in the seed mix is found 
on the remediation lands Increasing the number of indivdual species generally enhances the 
stability of a plant community 

The prairie dog population continues to interfere with plant growth on the tilled strips as well 
as the untilled native grass strips In addition to grazing, the prairie dogs remove standing 
vegetation from around their burrows for a line-of-site protection from predators 
population seems to be increasing on the remediation lands as well as other adjacent areas 

The 

A successful revegetation program on the Jefferson County remediation lands must consider the 
following factors 

Precipitation during seedling establishment has been sporadic Precipitation 
records show inconsistent moisture in years prior to 1990 A mature plant 
community can adjust to periods of low moisture but new seedlings require 
consistent moisture until they become established 
Sufficient time to evaluate revegetation success has not been used in the past 
The growth pattern of many seeded plant species, particularly the native species, 
does not produce a visibly significant plant growth for several years Plants adapted 
to dry environments produce extensive below ground plant mass with limited above 
ground production when very young This growth pattern results in maximum 
moisture collecting ability through the roots while minimizing moisture loss 
through leaf surfaces After securing a dependable moisture supply, the plant 
increases above ground production Measuring revegetation success after only two 
years may not allow sufficient time for effecttve evaluation 
Figure 2 presents a photograph taken during 1986 showing the extent of rocks 
brought to the surface during the initial tilling operation Tilling brings many rocks 
to the surface which now interfere with the revegetation effort The seed drill cannot 
operate properly in rocky soil The intimate contact required between seed and soil 
cannot be made without the presence of fine soil particles Without contact with the 
soil, the seeds will not maintain adequate moisture for germination and early growth 
Prairie dog activities degrade the vegetation on the site The prairie dogs graze the 
new emerging seedlings and mow surrounding plants to maintain a visual defense 
against predators Even the tough Spanish Bayonet cactus (Yucca) is not 
immune to their mowing 
Revegetation success is often related to topography Topography effects evaporation 
rates and thus available water for plant growth Warmer south facing slopes tend to 
have higher evaporation rates which deplete soil water more quickly Successfully 
revegetated areas at the site more often occur on nearly level to north-facing slopes 



while the less successful revegetation areas are more often on south-facing slopes 
6 ) Weeds dominate many areas on the site Weeds are very effective competitors for 

water and nutrients to the detriment of more desirable species Weed species 
currently provide much of the ground cover important to soil protection but more 
desirable grass species are needed for long term soil stability 

1991 I M A N A W F N T  PRoGRqM 

The overall objective of remediation is to reduce plutonium concentration to below 0 9 pCVg by 
mixing the surface soil through tilling The resulting disturbed soil is then revegetated to 
stabilize the land surface and minimize resuspension Tilling the the alternate strips will not 
occur until the initial strips are successfully revegetated as directed by the Settlement 
Agreement 

The objective of the 1991 land management plan is to minimize soil resuspension while 
increasing revegetation success The most plausible health risk from the lands is due to 
inhalation of resuspended plutonium contaminated soil Therefore reducing soil resuspension 
minimizes the potential health risk from inhalation This section of the annual report first 
discusses weed management, prairie dog suppression and changing the grass seed mix, issues 
that effect all the remediation lands Secondly the management program outlines specific 
management units requiring more intensive activities 

WEED MANAGEMENT PROGRAM An ideal weed management program would utilize both 
mechanical mowing of weeds and herbicide applications Currently no herbicides are being used 
at RFP due to the possibility for surface water contamination This policy needs reevaluation 
considering the requirements of revegetation on the remedial action lands Rocky Flats hopes to 
resolve this issue and allow herbicide use on the action lands before the 1991 growing season 
A weed management program that provides for timely weed management will be developed for 
the entire growing season Mowing operations and perhaps herbicide applications should be 
conducted at appropriate times during the growing season, based on the growth stages of the 
target weed species 

PRAIRIE DOG SUPPRESSION 
detriment of the revegetation effort Control methods such as chemical annihilation to passively 
discouraging expansion are technically feasible, the various options are being investigated 
Jefferson County Open Space manages land areas adjacent to the remedial action lands with large 
prairie dog populations A prairie dog control policy compatible with Open Space policy should 
be pursued before the upcl>ming season 

Prairie dogs currently impact the remedial action lands to the 

GRASS SEED MIX CHANGE The performance of the grass seed mix used in 1986 and 1988 can 
be improved with the additton of Blue grama Blue grama makes up a large percentage of the 
native vegetation and its strong drought resistance provides soil stability during poor moisture 
years As the revegetation effort is evaluated each year, changes to the seed mix will occur with 
increased knowledge The following table presents the proposed changes to the seed mix 



Grass seed mix proposed for 1991 

SDecres 
Western wheatgrass 
(Agropyron smithii) 
Sideoats grama 
(Bouteloua curtipendula) 
Blue grama 
(Bouteloua gracilis) 
Pubescent wheatgrass 
(Agropyron trichophorum) 
Smooth brome 
(Bromus inermis) 

Varletv 
Arriba 

Vaughn 

Luna 

Li nco I n 

Percent of mix 
u 
4 0  4 0  

4 0  2 5  

0 1 5  

1 0  1 0  

1 0  1 0  

MANAGEMENT UNITS This management plan divldes the lands into management units based upon 
current revegetation success as reported by Gary Finstad of the Soil Conservation Service 
(letter 10/15/90) 
seedbed preparation, seeding and mulching 

This division considers the similarity of the cultural requirements of 

Management Units 

#1) 50% of the land considered successfully revegetated 

#2) 10-15% of the land considered marginal 

#3) Failure areas covered by rocks 

#4) Failure areas not covered by rocks 

Management Unit #1 These areas contain sufficient ground cover of perennial grasses to 
insure stability of the soil from wind and water erosion Areas considered successfully 
revegetated will be managed for weed mntrol and praine dog suppression Enhancement of 
existing perennial vegetation will be the goal 

Management Unit #2 These areas contain grasses but not in sufficient density to insure soil 
stabilization A weed management program will be initiated in the spring and continue through 
the summer and fall During late fall, this area will be seeded with the grass seed mixture using 
a rangeland drill The rangeland drill will seed through the existing vegetatlve cover into the 
soil No seedbed preparation will be needed prlor to seeding After seeding, areas requiring 
additional cover will be mulched with straw The straw will be held in place by crimping or 
applying a tackifying agent 

Management Unit #3 Units 3 and 4 failed to establish any seeded grass species 
covered by rocks brought to the surface during the initial tilling operations of 1986 (see 
Figure 2) The surface rocks prevent the seed drill from placing seed in contact with soil 
necessary for sustained growth These areas are not subject to wind or water erosion nor likely 

Unit 3 is 



to support sizable amounts of vegetative cover A weed management program will be started in 
the spring and grass seeding will be done in the fall 
hydroseeding techniques will be used followed by a straw or hydroseed mulch 

As drill seeding is not practical, 

Management Unit #4 Unit 4 contains areas that failed to establish vegetation for reasons other 
than rocky surface soils (see page 2) These areas are potentially the most difficult to 
revegetate A weed management program will start in the spring followed by seeding a cover 
crop of forage sorghum During late fall, interseeding of the grass seed mix will occur within 
the standing sorghum If the sorghum cover does not supply sufficient protection, a mulch will 
be applied 

I 

The following sequence of events are planned for the upcoming year 

Winter -Determine offsite herbicide policy with CDH 
-Meet with Open Space personnel on Prairie dog control 
-contract for weed control and revegetation activities 

Spring -Implement area wide weed response program and prairie dog controls 
-Seed sorghum in Management Unit #4 

Summer -Maintain weed response program 
-Monitor and evaluate land management plan 

Fall -Maintain weed management program 
-Drill seed with grass seed mix and mulch in Management Unit #2 and #4 
-Hydroseed and mulch in Management Unit #3 
-Evaluate overall land management plan 

a 
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RADIOACTIVE AMBIENT AIR MONITORING DATA 
AVERAGE pCl/cublc meter 

l!2sxum 
I s - 3 7  
I 5-38 
I $052 

s-57 
S-50 

Y p %  
1986 

JAN S-37 
FE0 s-37 
MAR S-37 
APA S-37 
MAY s-37 
JUN S-37 
JUL S-37 
AUG S-37 
SEP s-37  
OCT s -37  
Nov s-37 
E C  s .37  

1986 1987 1988 
0 000008 0 000027 0 000007 0 000010 
0 000005 0 000003 0 000005 0.000006 
0.000002 0,000003 0,000003 0.000003 
0000004 0000003 0000002 0000001  
0 000002 0 000002 0 000003 0,000004 

pCUCUBlC METER 
0 000007 
0 000002 
0.0000I 1 
0.000003 
0,000006 
0 000031 
0 000231 
0.00001 7 
0.000003 
0,000003 
0,000004 
0.000001 
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- F c b ,  1990 
COLOR4DO DEPmTYEXT OF HEALTH 

RPLDI~TION CONTROL DIbISION 

ROCKY FLATS SLrRF4CE SOIL SURVEY 1970 - 1989 

The Colorado Department of Health has conducted surface soil surveys in the 
vicrnity of the Rocky Flats plant since 1970 
t'le samole collection method eaci year from 1970 to 1975 These modifications 
were made :o enade reliable comparisons of the information that was collected 
from ore Year to the nevt 
1975 and remained unchanged until 1989 

The attacne d w' shows how t\e area i~ the vicrFitv of Rocky Flats has been 
divided into sectors for the surface soil survey 
colleczed iq each sector and combined i?to a single comoosite 
sector samnles produces an average value f o r  :>e surface soil piutoniu 
contamration in the sector 

Yinor modifications weri made in 

The sample collection method was standardized rn 

/7 

Twenty-five samdes are 
Comoositing the 

DeDosition of airoorre plutoniu contamination on rzregdar terrain lezves some 
areas with s l i g h l y  greater, or less, contamination than would be evoecttd on 2 
smooth surface 
composite samples are relatively unaffected by the local variations i? 
concentration that are caused by irregular terrain 

The data provided by the annual surveys has led to four important conclusions 

The average concentrations for each sector that are measured in 

First, the concentration of plutonium in the surface soil is highest in 
those sectors that are closest to the Rocky Flats plant, establisning the 
plant as the source of the plutonium contamination 

Second, the surface soil plutonrum concentrations are muc\ hrgher on the 
east side of the plant than they are on the west side This Dattern is 
consistent with =he prevailing wind pattern, L? which wind blows generally 
from west to east 

Third, in most cases surface soil contamination is the result of 
contaminant transport through the air from the point of release to its 
destination on adjacent land 
near the Rocky Flats Plant therefore serves as a good indicator that 
plutonium is present in the air 
at one time 
too low to measure 
izocky Flats provides clear evidexe that airborne plutonium has been 
carrLed offsite from the plant 

The plutonium contamination in surface soil 

or at least that it was present in the air 
Uthough the offsite concentration of airborne plutonium is 

the presence of plutonium on the ground downwind from 

I 

Fourth the measured concentratloris o f  plutonium In surface soil around 
?ocL~~ Flats and elsewnere in Colorado have falle? steadily since the 
survev began in 1970 

In the sarlv vears of the survey plutonium contamination was found on the 
ground burdreds o f  miles awav from Pocxy Flats 
was s o  great that the contaminatLon could not possibly have originated from the 
'OCL~~ Flats  plant 

The distance from Rocky Flats 

T1.e plutcniu tmat was fourd L" these remote locations was 3 
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result of worldwide fallout from open-air testing of  nuclear devices 
concentrations of plutonium could be found on the grourd at many other locations 
all around the world 
of the total plutonium contamination in surface soil ?ear the Pockv Flats 
plant 

Similar 

‘ciorldwide fallout has contributed only 3 small fraction 

Open-air testing vas discontinued by all the major militarv powers of the world 
afcer tie sigqing of the Test Ban TrPaty of 1964  
t?e quantity of plutonium that was released into the atmospnere, and 
subseauently the rate o f  accumulation of plutonium in the envirxxnent, was 
snarplv reduced The traces of plutonium that used to be present in surface soil 
have cLssipated in the environment over time Sy 1986, plutonitm Concentrations 
in most parts of Colorado 
wners they were too low to measure bv any but the most sopnistrcated 
t ecki que s 

2s a result of t’lat treaty, 

and elsewnere in the vorld, had fallen to a point 

hihie che plant contimes to release some plutonium irlto t\e envizonmeqt, wimd 
ana water erosion have simdtaneousl-r diSperSea and diluted the plutonium tbat 
accdated on the surface soil in t\e early days of the olant’s oneration 
Peleases of plutonium from the plant, based on U S 
reporzs, have declined since the plant first began operations 1-t tie 1950s The 
quantities o f  plutonium that have been released in receqt years are no longer 
large enough to replace the plutonium in the surface soil at a rate equal to the 
rate that weathering processes dissiDate plutonium in the envirmaent 
plutonium concentrations in many areas near Rockv Flats were drff-cdt o r  
impossible to aistinpish f rom the general pattsrn of worldwide fallout 

Departnent o f  Energy 

In 1986, 

Since the last surface s o i l  survey in 1986, the Department of Healti has 
acquired new analytical equipment that has enabled a 10-fold improvement in tie 
sensitivity o f  plutonium measurements “‘here plutonium concentrations were too 
low to measure in the 1986 survey, it may be possible to detecr plutonium in 
samples that were collected iq 1989 from the same sectors The 1989 survey was 
furt-er enhanced by additional analysis for beryilium, radioaccve fission 
proaucts, amerrcium-241, and specific uranium isotopes, in addition to 
plut- wium 

From 1970 t o  1986, field personnel used their best Judgment to collect samoles 
in a more o r  less random patter? within each sector, while at tbe same time 
selecting samding points that would accurately characterize the average 
plutcnium concentration rneasuremeqt for the sector In 1989, :ne DeDartDent o f  
Yealt\ simDlifled the process of selecting sampling locations by mathematzcallv 
randomizing the sample collection points within sectors 
direczly to predetermined locations and, once there, selecced specific places t3 
collscc their samdes in a manner that would minimize the effecc of irregular 
terrqin 
7ersornel do Tot inadvertently bias the sample collection procedure in a wav 
that vould diminisn the accuracy of  the survey data 

IT 1089, the Department of Healt5 modifred its samoling strateg f o r  the first 
time since 1975 The 1989 survey w i l l  still be cornoarable to a l l  previous 
sur”e*rs chac the Deparcment has conducred, datins back to 1970 The purpose Of 
the mew modifrcations is to obtain more detailed information abouc the 
concmtration of plutonium in surface soil near the plant Secrors 1 and 2 have 
-ow been divided into nlne subsectors Five samoles are  collecced i’lto a srnSle 

Field personnel went 

T h i s  modification to the samDling program helps to assure that field 
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composite from each subsector 
eliminated from the sample collection plan for sectors 1 and 2 
collection plan for all other sectors remains unchanged 

X 25-sample composite for the entire sector was 
The sample 

The new samDling strategy w i l l  provide more detailed information about the 
direction tnat plutonium travels after it is released into the air from the 
ROCKY Flats plant 
concentration of plutonium in surface soil close to the plant and the rate at 
wnicn the plutonium concentration drops with distance from the plant 

It will also provide more detailed information about the 

Page 3 



BOW FLATS PLANT SOIL CONTAMINATION INFOBMATION 
The first 3 pages is a summary of Colorado Department of Health 
(CDB) surface soil sampling and plutonium analysis results from 
1976 through 1986 Sampling was done on a random basis for 13 
sectors of land area near the R o c b  Flats Plant (map 1) and 8 
locations remote from the Tlant (samples ccntaining only norld- 
wide fallout) 

The next page contains the State of Colorado's Plutonium-In-Soil 
Standad (RK 4 351, which was adopted by the State Board of 
H e a l t h  in 1973 and re-affirmed in 1976 No other officially 
promulgated plutonium in soil contamination standard exists 
nationally o r  internationally 

The second and third maps are those of the DOE'S predecessor 
agencies They identify inventory levels of plutonium based on 
depth samples Such a 5ethodO~ogy identifies levels in excess of 
the State Plutonium-In-Soil Standad (the Standard) ( 2 
disintegrations per gram of soil or 0 a1 aicrocurie per square 
meter) much farther to the East of the Plant than by the Sta-ce 
soil sampling procdure us& in adopting the S t a n d a d  (the 
sampling procedure was based on information developed by the 
Colorado Committee on Ehvironmental Information in 1970) 

The fourth map is O K  information based on 13 sampling sectors 
near the Plant from undisturbed surface soil in 1971 (see the CDE 
historical data summary previously identified) 

The fifth and sixth maps are those from the Dow Chemical 
Company's annual environmental surveillance reports based on all 
s o i l  data gatherd by all investigators and used in 2 computer 
models (the 1971 map is b a s e d  on a U S Ehvironmental Protection 
Agency (=A) depositional model used at the Nevada Test S i t e )  

The last 3 maps indicate that the area in excess of the Standard 
is not; as extensive as indicated in the DOE' inventor/ maps. 

The seventh map is from the soil study ordered by CI S. District 
Court Judge Richard Matsch in the lawsuit, brought by land owners 
against the federal government ami its contractors, me data 
presented is based on the State sampling procdure The 
locations circled are those that were in excess of the Standard 
The values to the South of the Plant have been resampled and have 
been certified, in accord with the lawsuit settlement documents, 
as meeting the Standard The State testified at the City of 
Amada annexation hearings as to the Lertificatrons on these 
lands 

The last (eighthj m a p  is representative of the remedial action 
done on a portion of the Jefferson County Open Space land having 
the highest off-site plutonium concentrstlons (17 disintegrations 
per gram of soil; Remediation is not coarple%e at this time 
The preferred grass cover is n o t  up bo the expectatlons of the 
P l a n t  and the Soil Conservation Service, who designed the 
remeaial plan and woich L"DR approved 

The last  page of khis s o r l  document contains 2 assessments, 1976 
and 1989 The 1976 assessment was made on surne guesstimates sad 
the then-fdurrent dose and risk mdels, mile the 1989 assessment 
is made un more d e f i n r t l v e  datd and conversivn assumptions 
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W 4.34 N o t i f i c a t i o n s  and Reworts  t o  I?divrduaLs.  

4.34.1 Pequirements  f o r  n o t i f i c a t i o n  and r e p o r t s  t o  i n d i v i d u a l s  o f  
e x p o s u r e  t o  r a a i a t i o n  or r a d i o a c t i v e  material are  s p e c i f i e d  
in RH 10.1, o f  these r e q u l a c i o n s  

4.34.2 When a Lrcensep, o r  r e g i s t r a n t  i s  r e q u i r e d  p u r s u a n t  t o  RH 
4.31 t o  r e p o r t  t o  t h e  DeDartment any e x p o s u r e  or' an 
i n d i v i d u a l  t o  r a d i a t i o n  o r  r a d i o a c t i v e  material ,  t h e  
l icensee or r e g i s t r a n t  s h a l l  a l s o  n o t i f y  t h e  i n d i v i d u a l  
Such n o t i c e  s h a l l  be t r a n s m i t t e d  a t  a time not L a t e r  t h a n  
the t r a n s m i t t a l  t o  tne Department ,  and s h a l l  comply w i t h  
t h e  p r o v i s i o n s  of RH 10.4 of t h e s e  r e g u l a t i o n s .  

RH 4 35 PermissioLe L e v e l s  o f  Y a d i o a c t r v e  Y a t e r r a L  in U n c o n t r o l l e d  Areas  

4.35.1 Plutonium. Contaminat ion of t h e  s o r l  i n  excess o f  2.0 
d i s l n t e g r a t i o n s  Der minute CR) o f  plutonium per gram o f  
dry s o i l  o r  s q u a r e  c e n t l m e t e r  o f  s u r f a c e  area (0 .01  
m i c r o c u r i e  p lutonium per s q u a r e  meter [ 3 7 0  Bq]) o t e s e n t s  a 
s u f f i c i e n t  h a z a r d  t o  t h e  p u b l i c  h e a l t h  t o  r e q u r r e  the 
d t i l r z a t i o n  or' s p e c i a l  t e c h n i q u e s  o f  c o n s t r u c t i o n  upon 
p r o p e r t y  so contaminated .  
t e c h n i q u e s  snall be a v a i l a b l e  from the Department  o f  d e a l t h  
upon r e q u e s t  

E v a l u a t i o n  of  proposed  c o n t r o l  
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